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REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of the following pending
applications:

[0002] (a) U.S. Provisional Patent Application No. 61/142,128, filed on
December 31, 2008;

[0003] (b)  U.S. Patent Application No. 12/495,691, filed on June 30, 2009;
[0004] {c)  U.S. Patent Application No. 12/545,648, filed on August 21, 2009;

[0005] (d) European Patent Application No. 09167937.3, filed August 14,
2009;

[0006] (e) European Patent Application No. 09168202.1, filed August 109,
2009; and

[0007] (f) European Patent Application No. 09168204.7, filed August 19,
2009.

TECHNICAL FIELD

[0008] The technologies disclosed in the present application generally relate to
apparatus, systems, and methods for intravascular neuromodulation. More
particularly, the technologies disclosed herein relate to apparatus, systems, and
methods for achieving intravascular renal neuromodulation via thermal heating.

BACKGROUND

[0009] Hypertension, heart failure and chronic kidney disease represent a
significant and growing globa! health issue. Current therapies for these conditions
include non-pharmacological, pharmacological and device-based approaches.
Despite this variety of treatment options the rates of control of blood pressure and
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the therapeutic efforts to prevent progression of heart failure and chronic kidney
disease and their sequelae remain unsatisfactory. Although the reasons for this
situation are manifold and include issues of non-compliance with prescribed therapy,
heterogeneity in responses both in terms of efficacy and adverse event profile, and
others, it is evident that alternative options are required to supplement the current
therapeutic treatment regimes for these conditions.

[0010] Reduction of sympathetic renal nerve activity (e.g., via denervation), can
reverse these processes. Ardian, Inc., of Palo Alto, CA, has discovered that an
energy field, including and comprising an electric field, can initiate renal
neuromodulation via denervation caused by irreversible electroporation,
electrofusion, apoptosis, necrosis, ablation, thermal alteration, alteration of gene
expression or another suitable modality.

SUMMARY

[0011] The following summary is provided for the benefit of the reader only, and
is not intended to limit the disclosure in any way. The present application provides
apparatus, systems and methods for achieving thermally-induced renal
neuromodulation by intravascular access.

[0012] One aspect of the present application provides apparatuses, systems,
and methods that incorporate a treatment device comprising an elongated shaft.
The elongated shaft is sized and configured to deliver a thermal heating element to
a renal artery via an intravascular path that includes a femoral artery, an iliac artery,
and the aorta. Different sections of the elongated shaft serve different mechanical
functions when in use. The sections are differentiated in terms of their size,
configuration, and mechanical properties for (i) percutaneous introduction into a
femoral artery through a small-diameter access site; (i) atraumatic passage through
the tortuous intravascular path through an iliac artery, into the aorta, and into a
respective leftright renal artery, including (i) accommodating significant flexure at
the junction of the lefi/right renal arteries and aorta to gain entry into the respective
left or right renal artery; (iv) accommodating controlied translation, deflection, and/or
rotation within the respective renal artery to attain proximity to and a desired
alignment with an interior wall of the respective renal artery; and (v) allowing the
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placement of a thermal heating element into contact with tissue on the interior wal! in
an orientation that optimizes the active surface area of the thermal heating element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 is a conceptual illustration of the sympathetic nervous system
(SNS) and how the brain communicates with the body via the SNS.

[0014] Fig. 2 is an enlarged anatomic view of nerves innervating a left kidney to
form the renal plexus surrounding the left renat artery.

[0015] Figs. 3A and 3B provide anatomic and conceptual views of a human
body, respectively, depicting neural efferent and afferent communication between
the brain and kidneys

[0016] Figs. 4A and 4B are, respectively, anatomic views of the arterial and

venous vasculatures of a human.

[0017] Fig. 5 is a perspective view of a system for achieving intravascular,
thermally-induced renal neuromodulation, comprising a treatment device and a

generator.

[0018] Figs. 6A to6D are anatomic views of the intravascular delivery, deflection
and placement of embodiments of the treatment device shown in Fig. 5 through the
femoral artery and into a renal artery.

[0019] Figs. 7A to 7D are a series of views of the elongated shaft of the
treatment device shown in Fig. 5, showing the different mechanical and functional
regions that the elongated shaft incorporates.

[0020] Fig. 7E shows an anatomic view of the placement of the treatment
device shown in Fig. 5 within the dimensions of the renal artery.

[0021] Figs. 8A to 8C show the placement of a thermal heating element, which
is carried at the distal end of the elongated shaft of the treatment device shown in
ig, 5, into contact with tissue along a renal artery.

[0022] Figs. 9A and 9B show placement of the thermal heating element shown
in Figs. 8A to 8C into contact with tissue along a renal artery and delivery of thermal

treatment to the renal plexus.
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[0023] Figs. 10A and 10B show a representative embodiment of the force

transmitting section of the elongated shaft of the treatment device shown in Fig. 5.

[0024] Figs. 11A to 11C show a representative embodiment of the proximal
flexure zone of the elongated shaft of the treatment device shown in Fig. 5.

[0025] Figs. 12A to 12D show a representative embodiment of the intermediate
flexure zone of the elongated shaft of the treatment device shown in Fig. 5.

[0026] Figs. 13A to 13C show alternative embodiments of the intermediate
flexure zone of the elongated shaft of the treatment device shown in Fig. 5.

[0027] Figs. 14A to 14C show alternative embodiments of the intermediate
flexure zone of the elongated shaft of the treatment device shown in Fig. 5.

[0028] Figs. 15A to 15C show a representative embodiment of the distal flexure
zone of the elongated shaft of the treatment device shown in Fig. 5.

[0029] Figs. 15D to 15F show multiple pianar views of the bending capability of
the distal flexure zone corresponding to the elongated shaft of the treatment device
shown in Fig. 5.

[0030] Figs. 15G and 15H show alternative embodiments of the distal flexure
zone corresponding to the elongated shaft of the treatment device shown in Fig. 5.

[0031] Figs. 15| and 15J show an alternative catheter embodiment of the
treatment device shown in Fig. 5 comprising an intermediate section comprising an

arch wire.

[0032] Figs. 16A and 16B show a representative embodiment of a rotational
control mechanism coupled to the handle assembly of the treatment device shown in
Fig. 5.

[0033] Figs. 16C and 16D show a handle assembly of the treatment device
shown in Fig. 5 with a rotational control mechanism having a rotational limiting
element and an actuator.

[0034] Figs. 17A and 17B show an alternative representative embodiment of an
elongated shaft for a treatment device like that shown in Fig. 5, showing examples of
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[0035] Figs. 18A and 18B show another alternative representative embodiment
of an elongated shaft for a treatment device like that shown in Fig. 5, showing
examples of the different mechanical and functional regions that the elongated shaft

can incorporate.

[0036] Figs. 19A to 19H show the intravascular delivery, placement, deflection,
rotation, retraction, repositioning and use of a treatment device, like that shown in
Fig. 5, to achieve thermally-induced renal neuromodulation from within a renal
artery.

[0037] Figs. 191 to 19K show the circumferential treatment effect resulting from
intravascular use of a treatment device, like that shown in Fig. 5.

[0038] Fig. 19L shows an alternative intravascular treatment approach using the
treatment device shown in Fig. 5.

[0039] Fig. 20 shows an energy delivery algorithm corresponding to the energy

generator of the system shown in Fig. 5.

[0040] Fig. 21 shows several componenis of the system and treatment device
shown in Fig. 5 packaged within a single kit.

[0041] Figs. 22A to 22C show fluoroscopic images of the treatment device

shown in Fig. 5 in multiple treatment positions within a renal artery of an animal.

[0042] Figs. 22D and 22E show fluoroscopic images of the treatment device
shown in Fig. 5 in multiple treatment positions within a renal artery during a human

study.

[0043] Fig. 23 is an isometric view of another handle assembly for the treatment

device shown in Fig. 5.

[0044] Fig. 24 is an exploded isometric view of the handle assembly of Figure
23.
[0045] Fig. 25 is a side cross-sectional view of the handle assembly of Figure

23.
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[0049] Fig. 29 is a detailed, sectioned isometric view of the distal portion of the
handle assembly of Fig. 23.

DETAILED DESCRIPTION

[0050] Although the disclosure hereof is detailed and exact to enable those
skilled in the art to practice the disclosed technologies, the physical embodiments
herein disclosed merely exemplify the various aspects of the invention, which may
be embodied in other specific structure. While the preferred embodiment has been
described, the details may be changed without departing from the invention, which is
defined by the claims.

l. Pertinent Anatomy and Physiology

A. The Sympathetic Nervous System

[0051] The Sympathetic Nervous System (SNS) is a branch of the autonomic
nervous system along with the enteric nervous system and parasympathetic nervous
system. It is always active at a basal level {called sympathetic tone) and becomes
more active during times of stress. Like other parts of the nervous system, the
sympathetic nervous system operates through a series of interconnected neurons.
Sympathetic neurons are frequently considered part of the peripheral nervous
system (PNS), although many lie within the central nervous system (CNS).
Sympathetic neurons of the spinal cord (which is part of the CNS) communicate with
peripheral sympathetic neurons via a series of sympathetic ganglia. Within the
ganglia, spinal cord sympathetic neurons join peripheral sympathetic neurons
through synapses. Spinal cord sympathetic neurons are therefore called presynaptic
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[0054] The sympathetic nervous system is responsible for up- and down-

regulating many homeostatic mechanisms in living organisms. Fibers from the SNS
innervate tissues in almost every organ system, providing at least some reguiatory
function to things as diverse as pupil diameter, gut motility, and urinary output. This
response is also known as sympatho-adrenal response of the body, as the
preganglionic sympathetic fibers that end in the adrenal medulla (but also afi other
sympathetic fibers) secrete acetylcholine, which activates the secretion of adrenaline
(epinephrine) and to a lesser extent noradrenaline (norepinephrine). Therefore, this
response that acts primarily on the cardiovascular system is mediated directly via
impulses transmitted through the sympathetic nervous system and indirectly via
catecholamines secreted from the adrenal medulla.

[0055] Science typically looks at the SNS as an automatic regulation system,
that is, one that operates without the intervention of conscious thought. Some
evolutionary theorists suggest that the sympathetic nervous system operated in early
organisms to maintain survival as the sympathetic nervous system is responsible for
priming the bedy for action. One example of this priming is in the moments before
waking, in which sympathetic outflow spontaneously increases in preparation for

action.
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brain to communicate with the body. Sympathetic nerves originate inside the
vertebral column, toward the middle of the spinal cord in the intermediolateral cell
column (or lateral horn), beginning at the first thoracic segment of the spinal cord
and are thought to extend to the second or third lumbar segments. Because its cells
begin in the thoracic and lumbar regions of the spinal cord, the SNS is said to have a
thoracolumbar outflow. Axons of these nerves leave the spinal cord through the
anterior rootletiroot. They pass near the spinal {sensory) ganglion, where they enter
the anterior rami of the spinal nerves. However, unlike somatic innervation, they
quickly separate out through white rami connectors which connect to the either the
paravertebral (which lie near the vertebral column) or prevertebral (which lie near the
aorlic bifurcation) ganglia extending alongside the spinal column.

{0057] In order to reach the target organs and glands, the axons must travel
long distances in the body, and, to accomplish this, many axons relay their message
to a second celi through synaptic transmission. The ends of the axons link across a
space, the synapse, to the dendrites of the second cell. The first cell (the
presynaptic cell) sends a neurotransmitter across the synaptic cleft where it activates
the second cell (the postsynaptic cell). The message is then carried to the final
destination.

[0058] In the SNS and other components of the peripheral nervous system,
these synapses are made at sites called ganglia. The cell that sends its fiber is
called a preganglionic cell, while the cell whose fiber leaves the ganglion is called a
postganglionic cell. As mentioned previously, the preganglionic cells of the SNS are
located between the first thoracic (T1) segment and third lumbar (L3) segments of
the spinal cord. Postganglionic cells have their cell bodies in the ganglia and send
their axons to target organs or glands.

[0059] The ganglia include not just the sympathetic trunks but aiso the cervical
ganglia {superior, middle and inferior), which sends sympathetic nerve fibers to the
head and thorax organs, and the celiac and mesenteric ganglia (which send
sympathetic fibers to the gut).
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renal artery. The renal plexus extends along the renal artery until it arrives at the
substance of the kidney. Fibers contributing to the renal plexus arise from the celiac
ganglion, the superior mesenteric ganglion, the aorticorenal ganglion and the aortic
plexus. The renal plexus (RP), also referred to as the renal nerve, is predominantly
comprised of sympathetic components. There is no (or at least very minimum)
parasympathetic innervation of the kidney.

[0061] Preganglionic neuronal cell bodies are located in the intermediolateral
cell column of the spinal cord. Preganglionic axons pass through the paraveriebral
ganglia (they do not synapse) to become the lesser splanchnic nerve, the least
splanchnic nerve, first lumbar splanchnic nerve, second lumbar splanchnic nerve,
and travel to the celiac ganglion, the superior mesenteric ganglion, and the
aorticorenal gangtion. Postganglionic neuronal cell bodies exit the celiac ganglion,
the superior mesenteric ganglion, and the aorticorenal ganglion to the renal plexus
(RP) and are distributed to the renal vasculature.

3. Renal Sympathetic Neural Activity

[0062] Messages travel through the SNS in a bidirectional flow. Efferent
messages can trigger changes in different parts of the body simultaneously. For
example, the sympathetic nervous system can accelerate heart rate; widen bronchial
passages; decrease motility (movement) of the large intestine; constrict blood
vessels; increase peristalsis in the esophagus; cause pupil dilation, piloerection
(goose bumps) and perspiration (sweating); and raise blood pressure. Afferent
messages carry signals from various organs and sensory receptors in the body to
other organs and, particularly, the brain.

[0063] Hypertension, heart failure and chronic kidney disease are a few of
many disease states that result from chronic activation of the SNS, especially the
renal sympathetic nervous system. Chronic activation of the SNS is a maladaptive
response that drives the progression of these disease states. Pharmaceutical
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[0064] As mentioned above, the renal sympathetic nervous system has been

identified as a major contributor to the complex pathophysiology of hypertension,
states of volume overload (such as heart failure), and progressive renal disease,
both experimentally and in humans. Studies employing radiotracer dilution
methodology to measure overflow of norepinephrine from the kidneys to plasma
revealed increased renal norepinephrine (NE) spillover rates in patients with
essential hypertension, particularly so in young hypertensive subjects, which in
concert with increased NE spillover from the heart, is consistent with the
hemodynamic profile typically seen in early hypertension and characterized by an
increased heart rate, cardiac output and renovascular resistance. It is now known
that essential hypertension is commonly neurogenic, often accompanied by

pronounced sympathetic nervous system overactivity.

[0065] Activation of cardiorenal sympathetic nerve activity is even more
pronounced in heart failure, as demonstrated by an exaggerated increase of NE
overflow from the heart and the kidneys to plasma in this patient group. In line with
this notion is the recent demonstration of a strong negative predictive value of renal
sympathetic activation on all-cause mortality and heart transplantation in patients
with congestive heart failure, which is independent of overall sympathetic activity,
glomerular filtration rate and left ventricular ejection fraction. These findings support
the notion that treatment regimens that are designed to reduce renal sympathetic
stimulation have the potential to improve survival in patients with heart failure.

[0066] Both chronic and end stage renal disease are characierized by
heightened sympathetic nervous activation. In patients with end stage renal disease
plasma levels of norepinephrine above the median have been demonstrated to be
predictive for both all cause death and death from cardiovascular disease. This is
also true for patients suffering from diabetic or contrast nephropathy. There is
compelling evidence that suggests that sensory afferent signals originating from the
diseased kidneys are major contributors to initiate and sustain elevated central
sympathetic outflow in this patient group, which facilitates the occurrence of the well
known adverse consequences of chronic sympathetic overactivity such as

-10-



fl exure zone of the elongated shaft of the treatnent device shown in
Fig. 5. [0025]Figs. 12A to 120 show a representati ve enbodi nent of
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el ongat edgsfid §efth. t he treat ment device shown in Fig. 5. [0028]Figs.
15A to 15C show a representative enbodi nrent of the distal flexure

(i) Renal Sympathetic Efferent Activity

[0067] Sympathetic nerves to the kidneys terminate in the blood vessels, the
juxtaglomerular apparatus and the renal tubules. Stimulation of the renal
sympathetic nerves causes increased renin release, increased sodium (Na+)
reabsorption and a reduction of renal blood flow. These components of the neural
regulation of renal function are considerably stimulated in disease states
characterized by heightened sympathetic tone and clearly contribute to the rise in
blood pressure in hypertensive patients. The reduction of renal blood flow and
glomerular filtration rate as a result of renal sympathetic efferent stimulation is likely
a cornerstone of the loss of renal function in cardio-renal syndrome, which is renal
dysfunction as a progressive complication of chronic heart failure, with a clinical
course that typically fluctuates with the patient's clinical status and treatment.
Pharmacologic strategies to thwart the consequences of renal efferent sympathetic
stimulation include centrally acting sympatholytic drugs, beta blockers (intended to
reduce renin release), angiotensin converting enzyme inhibitors and receptor
blockers (intended to block the action of angiotensin Il and aldosterone activation
consequent to renin release) and diuretics (intended to counter the renal
sympathetic mediated sodium and water retention). However, the current
pharmacologic strategies have significant limitations including limited efficacy,
compliance issues, side effects, and others.

(i) Renal Senso Afferent Nerve Activit

[0068] The kidneys communicate with integral structures in the central nervous
system via renal sensory afferent nerves. Several forms of “renal injury” can induce
activation of sensory afferent signals. For example, renal ischemia, reduction in
stroke volume or renal blood flow, or an abundance of adenosine enzyme may
trigger activation of afferent neural communication. As shown in Figures 3A and 3B,
this afferent communication might be from the kidney to the brain or might be from
one kidney to the other kidney (via the central nervous system). These afferent
signals are centrally integrated and result in increased sympathetic outflow. This
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zone of the elongated shaft of the treatnent device shown in Fig. 5.
[ 0029] Figs. 15D to 15F show multiple planar views of the bending

capability of the distal flexure zone corresponding to the el ongated
shaft of tW® 0tEBYTENt device shown in Fig. 5. [0030]Fi 5%"5/’“%28?2’“3%?84
15H show al ternative enbodi nents of the distal flexure zone

corresponding to the elongated shaft of the treatnent deyice s I n
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show a r epasmentiatiore & sympatifetis evaractivipaglso impacts other organs and
bodily structures innervated by sympathetic nerves such as the heart and the
peripheral vasculature, resulting in the described adverse effects of sympathetic

activation, several aspects of which also contribute to the rise in blood pressure.

[0069] The physiology therefore suggests that (i) denervation of tissue with
efferent sympathetic nerves will reduce inappropriate renin release, salt retention,
and reduction of renal blood flow, and that (ii) denervation of tissue with afferent
sensory nerves will reduce the systemic contribution to hypertension through its
direct effect on the posterior hypothalamus as well as the contralateral kidney. In
addition to the central hypotensive effects of afferent renal denervation, a desirable
reduction of central sympathetic outflow to various other sympathetically innervated

organs such as the heart and the vasculature is anticipated.

B. Additional Clinical Benefits of Renal Denervation

{0070] As provided above, renal denervation is likely to be valuable in the
treatment of several clinical conditions characterized by increased overall and
particularly renal sympathetic activity such as hypertension, metabolic syndrome,
diabetes, left ventricular hypertrophy, chronic and end stage renal disease,
inappropriate fluid retention in heart failure, cardio-renal syndrome and sudden
death. Since the reduction of afferent neural signals contributes to the systemic
reduction of sympathetic tone/drive, renal denervation might also be useful in
treating other conditions associated with systemic sympathetic hyperactivity.
Accordingly, renal denervation can also benefit other organs and bodily structures
innervated by sympathetic nerves, including those identified in Figure 1. For
example, a reduction in central sympathetic drive may reduce the insulin resistance
that afflicts people with metabolic syndrome and Type Il diabetics. Additionally,
patients with osteoporosis are also sympathetically activated and might also benefit
from the downregulation of sympathetic drive that accompanies renal denervation.



control nmechani smcoupled to the handl e assenbly of the treatnent
device shown in Fig. 5. [0033]Figs. 16C and 160 show a handl e

assenbl y"g‘t R reat ment device shown in Fig. 5 wth a rotational
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thorax and branches into the left and right renal arteries. Below the renal arteries,
the aorta bifurcates at the left and right iliac arteries. The left and right iliac arteries
descend, respectively, through the left and right legs and join the left and right

fermoral arteries.

[0072] As Fig. 4B shows, the blood collects in veins and returns to the heart,
through the femoral veins into the iliac veins and into the inferior vena cava. The
inferior vena cava branches into the left and right renal veins. Above the renal veins,
the inferior vena cava ascends to convey blood into the right atrium of the heart.
From the right atrium, the biood is pumped through the right ventricle into the lungs,
where it is oxygenated. From the lungs, the oxygenation blood is conveyed into the
left atrium. From the left atrium, the oxygenated blood is conveyed by the left
ventricle back to the aorta.

[0073] As will be described in greater detail later, the femoral artery can be
exposed and cannulated at the base of the femoral triangie, just inferior to the
midpoint of the inguinal ligament. A catheter can be inserted through this access
site, percutaneously into the femoral artery and passed into the iliac artery and
aorta, into either the left or right renal artery. This comprises an intravascular path
that offers minimally invasive access to a respective renal artery and/or other renal

blood vessels.

[0074] The wrist, upper arm, and shoulder region provide other locations for
introduction of catheters into the arterial system. Catheterization of either the radial,
brachial, or axillary artery may be utilized in select cases. Catheters introduced via
these access points may be passed through the subclavian artery on the left side (or
via the subclavian and brachiocephalic arteries on the right side), through the aortic
arch, down the descending aorta and into the renal arteries using standard

angiographic technique.



rotation, retraction, repositioning and use of a treatnent device,
| i ke that showmn in Fig. 5 to achieve thermally-induced renal

neur onodul ation fromw thin a renal artery. [0037]Figs. 191 to 19K
show t he cWQAMFEBEAti al treatment effect resulting f r JRfyT/US2009/069334
i ntravascul ar use of a treatnment device, like that shown in Fig. 5.
[0038] Fig. 19L shows an alternative |ntravascul ar treatnent apptoac
usi ng thelitrea@-m&l'ﬂ@e\ﬁ @éergﬁoﬁﬁ?ﬂ iMethpgs for Agiidn Fllgtra‘ﬂ?(’gﬁ&&ﬁﬁnal
ener gy del i verhdate i adilng to the energy generator of
the system shown in Fig. 5. [0040] Fig. 21 shows several conponents of

the system andy t r egjdpegly, devi ce

[0075] Fig. 5 shows a system 10 for thermally inducing neuromodulation of a

left and/or right renal plexus (RP) through intravascular access.

[0076] As just described, the left and/or right renal plexus (RP) surrounds the
respective left and/or right renal artery. The renal plexus (RP) extends in intimate
association with the respective renal artery into the substance of the kidney. The
system thermally induces neuromodulation of a renal plexus (RP) by intravascular
access into the respective left or right renal artery.

[0077] The system 10 inciudes an intravascular treatment device 12. The
treatment device 12 provides access to the renal plexus (RP) through an
intravascular path 14 that leads to a respective renal artery, as Fig. 6A shows.

[0078] As Fig. 5 shows, the treatment device 12 includes an elongated shaft 16
having a proximal end region 18 and a distal end region 20.

[0079] The proximal end region 18 of the elongated shaft 16 includes a handie
assembly 200. The handle assembly 200 is sized and configured to be securely or
ergonomically held and manipulated by a caregiver (see, e.g., Fig. 16A) outside an
intravascular path 14 (see, e.g., Fig. 6A). By manipulating the handle assembly 200
from outside the intravascular path 14, the caregiver can advance the elongated
shaft 16 through the tortuous intravascular path 14 and remotely manipulate or
actuate the distal end region 20. Image guidance, e.g., CT, radiographic, or another
suitable guidance modality, or combinations thereof, can be used to aid the
caregiver's manipulation.

[0080] As shown in Fig. 6B, the distal end region 20 of the elongated shaft 16
can flex in a substantial fashion to gain entrance into a respective left/right renal
artery by manipulation of the elongated shaft 16. As shown in Figs. 18A and 19B,
the distal end region 20 of the elongated shaft 16 can gain entrance to the renal
artery via passage within a guide catheter 94. The distal end region 20 of the
elongated shaft 16 carries at least one thermal element 24 (e.g., thermal heating



shown in Fig. 5 packaged within a single kit. [0041]Figs. 22A to 22C
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[0081] As Fig. 6B shows (and as will be described in greater detail later), once
entrance to a renal artery is gained, further manipulation of the distal end region 20
and the thermal heating element 24 within the respective renal artery establishes
proximity to and alignment between the thermal heating element 24 and tissue along
an interior wall of the respective renal artery. In some embodiments, manipulation of
the distal end region 20 will also facilitate contact between the thermal heating
element 24 and wall of the renal artery.

[0082] As will be described in greater detail later, in the representative
embodiment of Fig. 6B, the thermal heating element 24 of distal end region 20 is
positioned along a distal portion of distal flexure zone 44. However, it should be
understood that the distal end region 20 optionally may comprise cne or more
additional thermal heating elements that are positioned relatively more proximal.
When multiple thermal heating elements are provided, the thermal heating elements
may deliver power independently (i.e., may be used in a monopolar fashion), either
simultaneously or progressively, and/or may deliver power between any desired
combination of the elements (i.e., may be used in a bipolar fashion). Furthermore,
the caregiver optionally may be capable of dynamically choosing which thermal
heating element(s) are used for power delivery in order to form highly customizable
lesion(s) within the renal artery, as desired.

[0083] In one representative embodiment shown in Fig. 6C, one or more
additional thermal heating elements 24a optionally may be positioned at a proximal
region of the distal flexure zone 44 and/or at a distal region of an intermediate
flexure zone 34 for contacting an internal wall of the renal artery at position(s)
longitudinally spaced, but generally in angular alignment, with the distally located
thermal heating element 24. The spacing of the thermal heating elements 24 and
24a may be specified to provide a desired spacing between lesions formed when
using the elements within a renal artery. In one representative embodiment, thermal
heating elements 24 and 24a are spaced apart as far as about 1 cm. In other
embodiments, the spacing between thermal heating elements 24 and 24a is in the

range of about 2 mm to about 5 mm. In one representative embodiment, the
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23. WD 2010/ 078175PCT/ US2009/ 069334 [ 0046] Fi gs. 26A to 26C provide
detail ed side cross-sectional views of the handl e assenmbly of Figure
25, illustrating coordinated angular rotation of the actuyator and

l'i near traM$l2t4/GA176f the carrier relative to the housi\’ﬁmé?g(ég ??4
[0047] Figure 27 is a detailed isonetric view of the actuator and
O-ring of the handl e assenbly of Figure 24. [0Q048] Fig. 28 is a]

detai | ed theomet heating elgmsints 24 @n%?ga 3361 $nashd AParha %rﬁﬁéﬂ- n another

representative embodiment, the thermal heating elements 24 and 24a are spaced
apart about 2 mm.

[0084] Additionally or alternatively, as shown in Fig. 6D, one or more thermal
heating elements 24b may be positioned relatively more proximal for contacting an
internal wall of the renal artery at position(s) that are longitudinally and angutarly
spaced (e.g., in angular opposition) from the distally located thermal heating element
24. Such thermal heating element(s) 24b may, for example, be positioned at an
apex of a bend formed during deflection of the intermediate flexure zone 34, at a
proximal region of the intermediate flexure zone 34, and/or at a distal region of a
proximal flexure zone 32. The spacing separating thermal heating element 24b from
thermal heating element 24 and from optional thermal heating element 24a may be
specified as desired to provide desired longitudinal and angular spacing between
lesions formed within renal vasculature. In one representative embodiment, thermal
heating elements 24 and 24b are spaced apart about 7 mm to about 25 mm. In
another representative embodiment, the thermal heating elements 24 and 24b can
be spaced as far as about 30 mm. In another representative embodiment, the
thermal heating elements 24 and 24b are spaced apart about 11 mm. In stil
another representative embodiment, the thermal heating elements 24 and 24b are
spaced apart about 17.5 mm.

[0085] As will also be described in greater detail later, different sections of the
elongated shaft 16 serve different mechanical functions when in use. The sections
are thereby desirably differentiated in terms of their size, configuration, and
mechanical properties for (i) percutaneous introduction into a femoral artery through
a small-diameter access site; (i) atraumatic passage through the tortuous
intravascular path 14 through an iliac artery, into the aorta, and into a respective
leftiright renal artery, inciuding (ii) significant flexure near the junction of the left/right
renal arteries and aorta to gain entry into the respective left or right renal artery; (iv)
controlled translation, deflection, and/or rotation within the respective renal artery to
attain proximity to and a desired alignment with an interior wall of the respective
renal artery; and (v) the placement of a thermal heating element 24 into contact with
tissue on the interior wall.
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generator 26 generates a selected form and magnitude of thermal energy. A cable
28 operatively attached to the handle assembly 200 electricaliy connects the thermal
heating element 24 to the generator 26. At least one supply wire (not shown)
passing along the elongated shaft 16 or through a lumen in the elongated shaft 16
from the handle assembly 200 to the thermal heating element 24 conveys the
treatment energy to the thermal heating element 24. A control mechanism, such as
foot pedal 100, is connected (e.g., pneumatically connected or electrically
connected) to the generator 26 to allow the operator to initiate, terminate and,
optionally, adjust various operational characteristics of the generator, including, but
not limited to, power delivery.

[0087] For systems that provide for the delivery of a monopolar electric field via
the thermal heating element 24, a neutral or dispersive electrode 38 can be
electrically connected to the generator 26. Additionally, one or more sensors 52
(see, e.g., Figs. 9 and 19), such as one or more temperature (e.g., thermocouple,
thermistor, etc.), impedance, pressure, optical, flow, chemical or other sensors, can
be located proximate to or within the thermal heating element and connected to one
or more of the supply wires. With two supply wires, one wire could convey the
energy to the thermal heating element and one wire could transmit the signai from
the sensor. Alternatively, both wires could transmit energy to the thermal heating

element,

[0088] Once proximity between, alignment with, and contact between the
thermal heating element 24 and tissue are established within the respective renal
artery (as Fig. 6B shows), the purposeful application of energy from the generator 26
to tissue by the thermal heating element 24 induces one or more desired thermal
heating effects on localized regions of the renal artery and adjacent regions of the
renal plexus (RP), which lay intimately within or adjacent to the adventitia of the
renal artery. The purposeful application of the thermal heating effects can achieve
neuromodulation along all or a portion of the RP.



[ 0051] The Synpat heti c Nervous System (SNS) is a branch of the
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gl ands. example, multi-thermal heating element devices, such as mu l-electrode baskets or
other balloon expandable devices, may be implemented to intravascularly deliver

neuromodulatory treatment with or without contacting the vessel wall.

B. Size and Confi uration of the Elon ated Shaft for Achievin
Intravascular Access to a Renal Arter

[0091] As explained above, intravascular access to an interior of a renal artery
can be achieved through the femoral artery. As Fig. 6B shows, the elongated shaft
16 is specially sized and configured to accommodate passage through this
intravascular path 14, which leads from a percutaneous access site in the femoral
artery to a targeted treatment site within a renal artery. In this way, the caregiver is
able to orient the thermal heating element 24 within the renal artery for its intended

purpose.

[0092] For practical purposes, the maximum outer dimension (e.g., diameter) of
any section of the elongated shaft 16, including the thermal heating element 24 it
carries, is dictated by the inner diameter of the guide catheter through which the
elongated shaft 16 is passed. Assuming, for example, that an 8 French guide
catheter (which has an inner diameter of approximately 0.091 inches) would likely
be, from a clinical perspective, the largest guide catheter used to access the renal
artery, and allowing for a reasonable clearance tolerance between the thermal
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[ 0054] The synpat heti c nervous systemis responsible for up- and down-
regul ati ng many honeostatic nechanisns in |iving organi sns. Fibers
fromthe SNS |nnervate tissues in alnost every organ system
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Lo have BT RANBI HRAA=GREHRORE T dbrte b RRdeEt ik abeiseetaempral riory

spi nal cQefd drfrrgh@gfthrbbgh&ﬁé&éS;ﬁﬁcthr@Qﬁdcebv‘arn@ﬁtarteW%Ir’ldﬁﬁﬁﬁtHéeQérté hﬁwd in
spi nal (sensog[y angliron, where they enter the anterior ram of the
i %qok%g

spi nal nBiO¥ER Srceteshranebagenydiarcon 18Msk vEtG Gechemegl iaperiey of the
separ at efped trtahérﬁtt‘ftﬂ'gng‘&fﬂdﬁ V\%I Chlﬁ%%?@ésqras A Py Eﬁéﬁiﬁfﬁg%r}igg%?f%?ssed

ei ther the parave I'i'e near t e verte
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[0094] As Fig. 7A shows, the force transmitting section 30 includes a preferred

effective length L1. The preferred effective length L1 is a function of the anatomic
distance within the intravascular path 14 between the access site and a location
proximate to the junction of the aorta and renal arteries. The preferred effective
length L1 can be derived from textbooks of human anatomy, augmented by a
caregiver's knowledge of the targeted site generally or as derived from prior analysis
of the particular morphology of the targeted site. The preferred effective length L1 is
also dependent on the length of the guide catheter that is used, if any. In a
representative embodiment, for a normal human, the preferred effective length L1
comprises about 30 cm to about 110 cm. If no guide catheter is used, then the
preferred effective length L1 comprises about 30 cm to about 35 cm. If a 55 cm
length guide catheter is used, then the preferred effective length L1 comprises about
65 cm to about 70 cm. If a 90 cm length guide catheter is used, then the preferred
effective length L1 comprises about 95 cm to about 105 ¢m.
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[0057] I n order to reach the target organs and gl ands, the axons nust
travel |ong distances in the body, and, to acconplish this, many
axons relay their nessage to a second cell through synaptic
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head and thorax.. c t | t@r g
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2010/ 0781 &idnglifsl 18280 With6QBRiAking or permanent deformation. As will be described in

greater detail later, the ability to advance and retract, as well as rotate, the distal end

region 20 of the elongated shaft 16 within the respective renal artery is desirable.

[0096] The desired magnitude of axial stiffness and rotational stiffness for the
force transmitting section 30 can be obtained by selection of constituent material or
materials to provide a desired elastic modulus (expressed in terms, e.g., of a
Young's Modulus (E)) indicative of axial and torsional stiffnesses, as well as
selecting the construct and configuration of the force fransmitted section in terms of,
e.g., its interior diameter, outer diameter, wall thickness, and structural features,
including cross-sectional dimensions and geometry. Representative examples are
described in greater detail below.

2.  Proximal Flexure Zong

[0097] As Figs. 7A and 7B show, the distal end region 20 of the elongated shaft
16 is coupled to the force transmitting section 30. The length L1 of the force
transmitting section 30 generally serves to bring the distal end region 20 into the
vicinity of the junction of the respective renal artery and aorta (as Fig. 6B shows).
The axial stifiness and torsional stiffness of the force transmitting region transfer
axial and rotation forces from the handle assembly 200 to the distal end region 20,
as will be described in greater detail later.

[0098] As shown in Fig. 7B, the distal end region 20 includes a first or proximal
flexure zone 32 proximate fo the force transmitting section 30. The proximal flexure

zone 32 is sized and configured to have mechanical properties that accommodate
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2. Innervation of the Kidneys [0060]As Fig. 2 shows, the kidney is
I nnervated by the renal plexus (RP), which is intimately associ ated
with the gﬁﬂﬁ)o rtery. The renal plexus (RP) is an autonomc @l exus
that surr JOAHELS enal artery and is enbedded wit hi ntEHESHAYMRIH i a
of the renal artery. The renal plexus extends along the renal artery
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[00100] The proximal flexure zone 32 is sized and configured to possess
mechanical properties that accommodate significant, abrupt flexure or bending at
the access angle ai near the junction of the aorta and the renal artery. Due to its
size, configuration, and mechanical properties, the proximal flexure zone 32 must
resolve these flexure or bending forces without fracture, collapse, distortion, or
significant twisting. The resolution of these flexure or bending forces by the proximal
flexure zone 32 makes it possible for the distal end region 20 of the elongated shaft
16 to gain entry along the intravascular path 14 into a targeted left or right renal
artery.

[00101] The proximal flexure zone 32 is sized and configured in length L2 to be
less than length L1 (see Fig. 7A). That is because the distance between the femoral
access site and the junction of the aorta and renal artery (typically approximating
about 40 cm to about 55 cm) is generally greater than the length of a renal artery
between the aorta and the most distal treatment site along the length of the renal
artery, which is typically about 4 cm to about 6 cm. The preferred effective length L2
can be derived from textbooks of human anatomy, augmented with a caregiver’s
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[ 0063] Hypertension, heart failure and chronic kidney di sease are a
few of many di sease states that result fromchronic activation of the
SNS, especially the renal synpathetic nervous system Chronic
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heart, isrensiioral dendipatis syeprarieduang stable WHUR NevasghidtdPl y seen in
early hypertension and characterized by an increased heart rate,
cardi ac o{@Q03] andhy willdveadesaripedrin greatan detail |ater.andods RWM It %Qt 6B, the

br onouncelt s Eh e Brok i SRRBEE dortr QLSRR oy R ARERTBRILAforigth of
the targeted length of the renal artery. That is because the distal end region 20 of
the elongated shaft 16 desirably inciudes one or more additional flexure zones, distal
to the proximal flexure zone 32 (toward the substance of the kidney), to
accommodate other different functions important to the therapeutic objectives of the
treatment device 12. As will be described later, the ability to transmit torque through
the proximal flexure zone 32 makes it possible to rotate the thermal heating device

to properly position the thermal heating element within the renal artery for treatment.

[00104] In terms of axial and torsional stiffness, the mechanical properties of
proximal flexure zone 32 can and desirably do differ from the mechanical properties
of the force transmitting section 30. This is because the proxima! flexure zone 32
and the force transmitting region serve different functions while in use. Alternatively,
the mechanical properties of proximal flexure zone 32 and force ransmitting section
30 can be similar.

[00105] The force transmitting section 30 serves in use to transmit axial load and
torque over a relatively long length (L.1) within the vascular pathway. In contrast, the
proximal flexure zone 32 needs to transmit axial load and torque over a lesser length
L2 proximate to or within a respective renal artery. Importantly, the proximal flexure
zone 32 must abruptly conform to an access angle al near the junction of the aorta
and the respective renal artery, without fracture, collapse, substantial distortion, or
significant twisting. This is a function that the force transmitting zone need not
perform. Accordingly, the proximal flexure zone 32 Is sized and configured to be
less stiff and to possess greater flexibility than the force transmitting section 30.



[ 0065] Acti vation of cardiorenal synpathetic nerve activity is even
nore pronounced in heart failure, as denonstrated by an exaggerat ed
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cont r ast IR &3 -There is conpelling evidence that suggests that
sensory afferent si gna S, originati r][g fromthe diseased kidneys are
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occurrence known adver se conseq uenggb @?ﬁgﬁron iC
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zone 32 constitute the same section.

3. Intermediate Flexure Zone

[00108] As shown in Figs. 7A, 78, and 7C, the distal end region 20 of the
elongated shaft 16 may also include, distal to the proximal flexure zone 32, a second
or intermediate flexure zone 34. The thermal heating element 24 may be supported
by the intermediate flexure zone 34.

[00109] The intermediate flexure zone 34 is sized, configured, and has the
mechanical properties that accommodate additional flexure or bending, independent
of the proximal flexure zone 32, at a preferred contact angle a2, without fracture,
collapse, substantial distortion, or significant twisting. The intermediate flexure zone
34 should also accommodate flexure sufficient for the distal end region 20 to
advance via a guide catheter into the renal artery without straightening out the guide
catheter.

[00110] The preferred contact angle 02 is defined by the angle through which the
thermal heating element 24 can be radially deflected within the renal artery to
establish contact between the thermal heating element 24 and an inner wall of the
respective renal artery (as Fig. 6B shows). The size of the contact angle a2 and the
intermediate flexure zone length L3 preferably are based on the native inside
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j uxt agl omerul ar apparatus and the renal tubules. Stinulation of the
renal synpathetic nerves causes increased renin rel ease, increased
sodi um (Na+) reabsorption and a reduction of renal blood fl ow. hgfe
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overacti Vllérygtﬁ,l $e dh@‘faacé sequifeer fopragtvisly aﬂeﬂedm@l the theraltheading element 24
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that (i) dendramaryomhes. &hﬁs@uatw the rena artery 1§ occupie arge y the
intermediate flexure zone 34 and not as much by the proximal flexure zone 32.
[00113] When the catheter is outside the patient and the intermediate flexure
zone 34 is in a substantially straight, undeflected configuration, angle a2 {(as shown
in Fig. 7C) is approximately 180°. Upon full deflection of the intermediate flexure
zone 34, the angle a2 is reduced to anywhere between about 45° and 180°. In a
representative embodiment, upon full deflection angle a2 is about 75° to about 135°.

In another representative embodiment, upon full deflection angle a2 is about 90°.

[00114] In the deflected configuration of Fig. 7C, the intermediate flexure zone
34 comprises a radius of curvature RoC. In embodiments where the curvature of
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ef ferent synpathetic nerves will reduce inappropriate renin rel ease,
salt retention, and reduction of renal blood flow, and that (ii)
denervation of tissue with afferent sensory nerves wll reduce the
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i nnervated by synpathetic nerves, including those identified in
Figure 1. For exanple, a reggct|6609n c tralg% athetic drive na¥
reduce the insulin resistance Rpl §Y¥ r 2n ﬁ?g with nmetabolic (1)
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I ntravascul ar Access to the ReRal’ 1] As Fig. 4A shows, (2)

bl ood noved by contractions of the %éﬂgol‘sa@onveyed
[00117] Thus, in a representative embodiment of intermediate flexure zone 34
where the curvature of the intermediate flexure zone does not vary along the length
1.3, where the length L3 is about 5mm to about 20mm, and where the angle o2 is
about 75° to about 135°, the radius of curvature RoC is about 3mm to about 25mm.
In a representative embodiment of intermediate flexure zone 34 where the curvature
of the intermediate flexure zone does not vary along the length L3, where the length
L3 is about 12.5mm, and where the angle a2 is about 75° to about 135°, the radius
of curvature RoC is about 7mm to about 16mm. In a representative embodiment of
intermediate flexure zone 34 where the curvature of the intermediate flexure zone
does not vary along the length L3, where the tength L3 is about 12.5mm, and where
the angle o2 is about 80°, the radius of curvature RoC is about 8mm.

[00118]  As will be apparent, Equation (2) may be rearranged such that the length
L3 and the radius of curvature RoC define the angle a2. Furthermore, Equation (2)
may be rearranged such that the radius of curvature RoC and the angle a2 define
the length L3. Thus, in embodiments where the curvature of intermediate flexure
zone 34 does not vary along the length L3, any one of the length L3, angle a2 and
radius of curvature RoC may be specified by specifying the other two variables.
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fromthe left ventricle of the heart by the aorta. The aorta descends
t hrough the thorax and branches into the left and right renal
arteries. Below the renal arteries, the aorta bifurcates at the |eft
and right Womeoestiaries. The left and right iliac art RGEESHPOEBAY,
respectively, through the left and right legs and join the left and
right fermoral arteries. [0072]As Fig. 4B shows, the blood collects in
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si de), thr ﬁg rﬂgnsq’t?ﬂ?'e%oath%% (:g'q\(\_/g_the descending aorta and into

t he renal ri es "usSi ng standard angi ogr aphi ¢ techni que.

[00121] As Fig. 7C shows, having proximal and intermediate flexure zones 32
and 34, the distal end region 20 of the elongated shaft 16 can, in use, be placed into
a complex, multi-bend structure 36. The complex, multi-bend structure 36 comprises
one deflection region at the access angle at over a length L2 (the proximai flexure
zone 32) and a second deflection region at the contact angle a2 over a length L3
(the intermediate flexure zone 34). In the complex, multi-bend, both 1.2 and L3 and
angle a1 and angle a2 can differ. This is because the angle a1 and length L2 are
specially sized and configured to gain access from an aorta into a respective renal
artery through a femoral artery access point, and the angle a2 and length L3 are
specially sized and configured to align a thermal heating element 24 with an interior
wall inside the renal artery.

[00122] In the illustrated embodiment (see, e.g., Fig. 7C), the intermediate
flexure zone 34 is sized and configured to allow a caregiver to remotely deflect the
intermediate flexure zone 34 within the renal artery, to radially position the thermal
heating element 24 into contact with an inner wall of the renal artery.

[00123] In the illustrated embodiment, a control mechanism is coupied to the
intermediate flexure zone 34. The control mechanism includes a control wire 40
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Ap. paratus. Systens ancl Methods for Achievigq Intravascul ar

Thermal Iy I nduced Renal Neuronodulation A Overview [0075]Fig. 5
shows a system 10 for thermally induci ng neuronodul ation of a |eft
and/ or rié‘rﬂmﬂ%‘f‘?ﬁ}"spl exus (RP) through intravascul ar aREEYS2009/@8336] As
just described, the left and/or right renal plexus (RP) surrounds the
respective left and/ or renal artery. The renal plexus (RP)

ext ends ARG it Qé%@cg%‘i' iGN 'N‘i"‘”ﬁ”ﬁé'ai%ilﬁé@fﬁ veng érala senressntatine
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path 14 2&3@1(3 4 deishée carmgives palting Yeoxiaky oabt pushingSorivagd tHe adhigeB260)
pulls the control wire 40 back to apply a compressive and bending force to the
intermediate flexure zone 34 (as Figs. 7C and 12C show) resulting in bending. The
compressive force in combination with the optional directionally biased stiffness
(described further below) of the intermediate flexure zone 34 deflects the
intermediate flexure zone 34 and, thereby, radially moves the thermal heating
element 24 toward an interior wall of the renal artery (as Fig. 6B shows).

[00124] Desirably, as will be described in greater detail later, the distal end
region 20 of the elongated shaft 16 can be sized and configured to vary the stiffness
of the intermediate flexure zone 34 about its circumference. The variable
circumferential stiffness imparts preferential and directional bending to the
intermediate flexure zone 34 (i.e., directionally biased stiffness). In response to
operation of the actuator 260, the intermediate flexure zone 34 may be configured to
bend in a single preferential direction. Representative embodiments exemplifying
this feature will be described in greater detail later.

[00125] The compressive and bending force and resulting directional bending
from the deflection of the intermediate flexure zone 34 has the consequence of
altering the axial stiffness of the intermediate flexure zone. The actuation of the
control wire 40 serves to increase the axial stiffness of the intermediate flexure zone.

[00126] In terms of axial and torsional stiffnesses, the mechanical properties of
intermediate flexure zone 34 can, and desirably do, differ from the mechanical
properties of the proximal flexure zone 32. This is because the proximal flexure zone
32 and the intermediate flexure zone 34 serve different functions while in use.

[00127] The proximal flexure zone 32 transmits axial load and torque over a
longer length (L2) than the intermediate flexure zone 34 (L3). Importantly, the
intermediate flexure zone 34 is also sized and configured to be deflected remotely
within the renal artery by the caregiver. In this arrangement, less resistance to
deflection is desirable. This is a function that the proximal flexure zone 32 need not
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[0078] As Fig. 5 shows, the treatnent device 12 includes an el ongated
shaft 16 having a proximal end region 18 and a distal end region 20.
[0079] The proximal end region 18 of the el ongated shaft 16 includes a
handl e assavthioy/@805 The handl e assenbly 200 is sized abfd/E¥APII§UPEd
to be securely or ergonomcally held and mani pul at ed by a careglver
(see, e.g., Fig. 16A) outside an intravascul ar path 14
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t her eof , ShRob8Nused to aid the car egi ver's mani pul ati on. [0080] As
shown in Fi 6B, the distal

f
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2010/ 0781 ¥ahpout umm[ oRd3pee, substantial dlstortlon or significant tvwstgng of the

elongated shaft 16.

[00129] The desired magnitude of axial stiffness, rotational stiffness, and
flexibility for the intermediate flexure zone 34 can be obtained by selection of
constituent material or materials to provide a desired elastic modulus (expressed,
e.g. in terms of a Young's Modulus (E)) indicative of flexibility, as well as by
selecting the construct and configuration of the intermediate flexure zone 34, e.g., in
terms of its interior diameter, outer diameter, wall thickness, and structural features,
including cross-sectional dimensions and geometry. Representative examples will be
described in greater detail later. Axial stiffness, torsional stiffness, and flexibility are

properties that can be measured and characterized in conventional ways.

[00130] As before described, both the proximal and intermediate flexure zones
32 and 34 desirably include the mechanical properties of axial stiffness sufficient to
transmit to the thermal heating element 24 an axial locating force. By pulling back
on the handle assembly 200, axial forces are transmitted by the force transmitting
section 30 and the proximal and intermediate flexure zones 32 and 34 to retract the
thermal heating element 24 in a proximal direction (away from the kidney) within the
renal artery. Likewise, by pushing forward on the handle assembly 200, axial forces
are transmitted by the force transmitting section 30 and the proximal and
intermediate flexure zones 32 and 34 to advance the thermal heating element 24 in
a distal direction (toward the kidney) within the renal artery. Thus, proximal retraction
of the distal end region 20 and thermal heating element 24 within the renal artery
can be accomplished by the caregiver by manipulating the handle assembly 200 or
shaft from outside the intravascular path 14.
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el enent). The thermal heating elenment 24 is also specially sized and
configured for manipulation and use within a renal artery. [0081] As
Fig. 6B shows éand as will be described in greater detail |ater

once entrAYEEWEBYS enal artery is gained, further manPelPEIPYOHH
the distal end region 20 and the thermal heating elenent 24 within

the res i.ve repa rtery establishes proximty to and alignnent
bet vveenpfw?’f'ﬁer rf%] Lﬁé&? ic{?éc%q’eéjnr&%h e BFRi‘"f‘ﬁ’s%nLFi rdeiERRAliale fexues Fones
wal | of @Q%r{cﬁ%ﬂeﬁiébV&sﬁrﬁP@' ingrub@r%rsi&ﬁbissq@gﬁgpg%sﬁécﬁl that will allow th

mani pul ation of the distal "end region 20 w I'itate contac
bet ween trABSMIsEioNed| sidticienigrotatiomantoraue dmdotate theoflistahenderglona?a ef yhe

Fopr esent Spimercadliar 12 st ult AR Berlgl Rbauid imedif24, i€ slonasie v
of di st atiremdferergicoaf 2@ bkoposdssebnatl whantha irtestediateoldNued ohe 34 is
di st al fleﬁ<urez n hat the

e 44. However, it should be understood .
distal efB1¥%EH-o Yz@iﬁw iOBn%HSI?W"gerQ %ﬁnﬁ?@@g’roﬁ%g%‘ﬁe%h@ gomel baaling
thermal Braidm@4ebece M it RahiedsS vBOSd| WANEEhtEEY, 3indVak) z%?étﬁg the force
proxi mal. When multiple thermal heating el enents are provided, the

t her mal HKaRsMifigerestont 30 aay, with ity e pishendiimgepediatntiexure izoses 3awand
be used i I sk i the L n I . .

be e 57, o RRAL sea =4l o ke Sl FPERNE gy pan v
conbi nat therreosl artery elAsrdescebdd later, thimsotaing featlire enablek piod elinidai obecnpr:

choos: notuPLRRRES WafElerhy B Brale T napuqBRmans 24 g VERBuERcolag,
i n ordertd andthentrbagihdnt gitest Byindaibtamihg Walindahtactd ih ietwééie tleafiénts, the

artery, as.desired. [0083]1n qne representative enbodi nrent shown I n
Fig. 6C, alﬁ‘r‘m‘é” GPGF?g%'[Sé’g’i? lq BFueva val rantagkinisurge s idieagments with higher

opt i onal bt t@@rieﬁéiiéwmﬁpebrﬂ?@&%ﬁé‘m' region of the distal
fl exure zone 44 and/or at a distal region of an internediate flexure

zone 34 for contacting an internal wall of the renal artery at

posi tion(s) |ongid udiﬁﬁﬂ@%ﬁ&@ﬁ& but generally in angul ar
alignment, with the distally |located thermal heating el enent 24. The
spaci ng 0188k t Wsr Figs- ﬁ@htﬁ’)ﬂ@l 8Renfl3 W“aﬁﬂezdlétaﬁwdb@gmgﬂwfewe

to provi gsngahtéasérra%dmfa%ﬁi étngo h}%lqwe%iétsﬁ{cpnfe fnﬁ%rﬁfefﬁ&%l@g%g% ?rgﬁ féﬁ, a

elements within a renal artery. In one represe
t her mal Whedtdrsistal faxere gom44nia thiscarcangesment ctiedergth L3soffthe irdsrradatiate

1 cm | i i tween t her mal atin

ol orent oS S S A T B Spphiiec BEE RGBT S8 s 8 boreh of e

one r eprdisahfleture zoaadddimiid arrddgement, the thermal heating element 24 is carried
at the end of the distal flexure zone 44. In effect the distal flexure zone 44
buttresses the thermal heating element 24 at the distal end of distal end region 20.

[00133] As Fig. 7D shows, the distal flexure zone 44 is sized, configured, and
has the mechanical properties that accommodate additional flexure or bending,
independent of the proximal flexure zone 32 and the intermediate flexure zone 34, at
a preferred treatment angle a3. The distal flexure zone 44 should also
accommodate flexure sufficient for the distal end region 20 to advance via a guide
catheter into the renal artery without straightening out the guide catheter or causing
injury to the blood vessel. The treatment angle a3 provides for significant flexure
about the axis of the distal end region 20 (a representative embodiment is shown in
Fig. 15C). Not under the direct control of the physician, flexure at the distal flexure

zone occurs in response to contact between the thermal heating element 24 and
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thermal heating el enents 24 and 24a are spaced apart about 5 nm In
anot her representative enbodi nent, the thermal heating el ements 24
and 24a are spaced apart about 2 mm [0084] Additionally or

al t er nat i ve¥tg201e878sown in Fig. 6D, one or nore ther nal PHEHZ0PRHP9I3

el enents 24b may be positioned relatively nore proximl for
contacting an internal wall of the renal artery at position(s) that
are | ongi watlitisalé peeasiorathby the radialateddctien gf thei theamg)heating sieraedt #hat

fromthe distall .ocat ed t her il % . A8l g
heat i ng efg’%?ré'ﬁ?féﬁé'ﬁtgbﬁ%é 2%8%%(2% e,'Fnég'bgégosi F%’éed %t%hgﬁlh)gggg %;?tal
a bend f omergredtnengrodiickabtidinical opbrmatemivith mistliah fedblaek wise fluoncecaay, or
at a proxinmal region of the internediate flexure,zane

di stal re@iRss W‘%Qr%ﬁ’m‘kigrvm%nﬂeéﬁl}ieés?'o‘ﬁ@" §99é?{1ep\§la5'8f]%§/’ é@%gﬁsﬁlifﬂeéu?e
thermal heghbefbBiEaierdént REIdnef MBsud1eBhidey adreyrensidddofati fricomal
optional thermal heating elenment 24a may be specified E% dﬁgél! ed to

provi de déwatieg elegiiit 2ddiriebwingreasyia he apaql sgniset-we re zone
formed witghi i P8t MduLeHRIOROSEBINSINg the
t her mal hégté]%%sggéﬁéﬁ@%@Egﬁ%t?ﬁblgﬁgng%?gg apar tu about "7 mm tog
about 25 rinermahheatbtighelemeapésent ati ve enbodi ment, the thernal

heating el enents 24 and 24b can be spaced as far as about 30 nm In
anot her r gpot3int afhes &unetibo df tendistal flexurtesransl 4 peavides asiditiangt benefits to

and 24b arge aced ar bout, .11 n.still t]
enbodi menthe {HEapYe Ctt‘rngQni %fgt%glcg’%ﬂt E"rgfda‘ﬂa'%%%%eeEggg‘?ﬁ@%gg ;fﬁe
about 17. Gntafmedi@@Sfdxive wohé 33| g bietall degurchmrhel effeptiealy eedulsisahe contact
| ater, different sections of the, elongat e&l 3’;@ 16 se{ve diﬁirfe[.ent
mechani calforcgrRatveer W eiering! featindrele f cVasset W\ BYSEIRNNg o
different 'r@@@éingi NplScBBtaRf 1hRQI rnei altalCABIrEUsEHd OfininAiRes nehamael of
properties for i) percutaneous introduction into a fenoral arter

t hrough a reeshanicl dnigtyeto dbe eesseli wall qnd) axpifaMREPEVH L8RS Q%W%%'gﬁhe

the tort UgHg N HeANAP Eithitin: Bl Deddel H%IBHQ@ dRBubdibREf AEhEIrfab8kred)ne

aorta, anda rnto a pectiv renal artery, i1ncluding (iii)

significa xur r othe j unchi on: riQk ; .
arteries %85%§rtaﬁ?gﬁ§aiﬁﬁ‘ grr‘f%vyé; 1|thrt?t glsﬁ&eﬂe:}ggépgéﬁév“'etglt[gefd?glgé;ﬁwiséﬁd and
renal art ejonfiglred) inclengthol4 ed te &ss| tibnoengitteEB.ecthisns benduss, in terms of

rotation thyn the respecti renal .artery to.attai i, mi_t.

and aI desWF%@haﬁh?&i?@'ﬁ?é)Wof’h\égﬁoﬁ tegting Iangétqbtlg?ngl %‘g%é@ﬁ%ﬁé}abﬁg EP%H“a‘?“t
artery; angh (}ohtaer WHRGEWRNtofahedehBiean@ly iBangrifgntl asenthaddthendietance
contact with tissue on the interior wa

) . 1. VO L
2010/ 0781 meparedfop sertipbedeineting dis|wenat heatthsieren2Fihinghe repal artery.
system 10 gl sgnkNehidamments NRIGR! 19eR8hab8T as long as about 1 cm. In other
embodiments, the length L4 is from about 2 mm to about 5 mm. In one
representative embodiment, the length L4 is about 5 mm. In another representative

embodiment, the length L4 is about 2 mm.

[00136] The mechanical properties of distal flexure zone 44 and the intermediate
flexure zone 34 in terms of axial stiffness, torsional stifiness, and flexibility can be
comparable. However, the distal flexure zone 44 can be sized and configured to be
less stiff and, importantly, to possess greater flexibility than the intermediate flexure
zone 34.

{00137] In the embodiment just described (and as shown in Fig. 7D), the distal
end region 20 may comprise a proximal flexure zone 32, an intermediate flexure
zone 34, and a distal flexure zone 44. The proximal, intermediate and distal flexure
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26 (e.g., a thermal energy generator). Under the control of the
caregiver or automated control algorithm 102 (as will be described in
greater detail |ater), the generator 26 generates a sel ected formand
magni t ude V&t 2HEBHEl energy. A cable 28 operatively at PEFHENIYGIMhe
handl e assenbly 200 electrically connects the thermal heating el enent
24 to the generator 26. At |east one supply wire (not shown) passing
al ong t heorgsofigatien inseaendeard feam aech @iferaso dhatrihe distaleensl mgipn 20 of the

shaft 164f l e .a I h

34 conves BRI HAE 16 BnaRE B30 de, Bisebiniey SR e i hfhefes T
control headhatrusiore 86¢hTlaes cbmbup@dedmﬂ]@@,, miudti-bemthetrtietdre] 86 Gomprises a
pneunati cal l 8 ft ed or 5?1”' cally c nn ct ed) h(igggnerat or
D6 to al PRINHIRERas 5pSbn Firie: 2Bss otk Al veh ailongt Lanng proximal
adj ust Vﬂém@&oa@e;za)t bﬁﬂﬁiermbdiéee?tl@ﬂécﬁbh% i dthedSiMRa@tatgle o2 over a
i ncl udi n%agbut not [imte power del i ver o éOOB@]pFor Sy st ens t hat

[

provi de BBt hd (he f%W%teJ%H%EBm%ﬁ4él skl geflection’ fagion at the
h I
baceor, oA uRIBS ovel o BdRUld fhe Sl BRGHS 24 AF ahrideotfolAl,

be el ectrlca nnected to t enher at or
nor e sensynpleg2mudekend stjucture gs, alplemgths193,, L3 warid bé aodealloang‘res el, a2,

br ebsur e2d g8l airpf VIRCR M Buse 35 Bhakrd Rl dpdom B EEENGialy sipec
pr oxi nat end oomflgl.med o gahfm:cteb@fmai ameatth ngoel @spetttmnebmttm@ugh a

t h
Coul o coRPIRIoL RESBaFERS! Ik N (ATKHE 2nE 1HIPHS aih SaRaebEeH e

coul d trgdighbed tLalRindd MerfiaP Rbhliy SBRRM 24/¥lérﬁéﬁm&w§h>fmeheﬁ @alYWn"sﬁﬁa
could transmt energy to the thermal heating elenment. [0088] On

proxi m t pegenaeaieryapng i Angiei ahand irngtio hd are Sl@@m&seﬁlzeﬁ@ﬂdr@fﬁraured
heat |
onal " ar Bofiiize SriE clabethBeRaidie pAcHichefiidh Ao SBERbkkEa:

from t hetrgresiereleomenk6 to tissue by the thernmal heating el enent 24
i nduces one or nore desired thermal heating effects on | ocalized

Eegi)onahmomap ré'ltnalcoarmcmtg Imgﬂh@d]_aple&bnde_gicmlse pf‘oxﬁrhgl I‘r&ﬁmhedidate;am
RP) , i,.C i nti mat el thin adj.acenf to t vent a
Lo+ oSty nBtyeband8! feshethidly. o dhe RACGH cion, 26, Aoramyitn, ks Bhgtn

effects EﬁBf &@Wﬂomeetré\esmm?%éc%h 80 MdIRE (Eidth OF tre tABFrhAIHE #hg telém &Rt
WO 2010/ 078175PCT/ US2009/ 069334 [ 0089] The t hernmal heati ng effects can

i ncl ude ®bdke s b saMPLBitadergin egqglahgh 1+L2+L.3+L4 + the length of the thermal
heating element), specifies a working length of the elongated shaft 16 of the

treatment device 12. In some representative embodiments, this working length is
about 40 cm to about 125 cm. In a representative embodiment where no guide
catheter is used, then this working length may be about 40 cm to about 50 cm. I,
alternatively, a 55 cm length guide catheter is used, then this working length may be
about 70 cm to about 80 cm. If a 90 cm length guide catheter is used, then this
working length may be about 105 cm to about 115 ¢cm.

C. Size and Confi uration of the Thermal Heatin Element for Achievin
Neuromodulation in a Renal Artery

[00139] It is desirable to create multiple focal lesions that are circumferentially
spaced along the longitudinal axis of the renal artery. This treatment approach
avoids the creation of a full-circle lesion, thereby mitigating and reducing the risk of
vessel stenosis, while still providing the opportunity to circumferentially treat the
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abl ative thermal alteration or danmage (e.g., via sustained heating
and/or resistive heating). Desired thermal heating effects may

I nclude raising the tenperature of target neural fibers above a
desired t hwestadersi’® achi eve non-abl ative thermal alt erRETBI0IE6II34
above a higher tenperature to achieve ablative thernmal alteration.

For exanple, the target tenperature can be above body tenperature
(e.g., apperatipiiusl wHhC)s Histributads abhantreboanal 45ieny. ont isogesiigla fayeeach

thermal alteration, or t t . o

i gher £ ofosdreioavar PuUgssiH il e PR HIisERE e el nd prorRlbiity o
sloeci aIt 3 iaﬁﬁm;r{goﬂ?girguﬂaql%mﬁ. hlaﬂde\fmﬁlﬁ@impdrtﬁmt ﬂuﬂ:&;gﬂ;emn nhibtlae too large
el ongat ed sha an e thermal he el.enen . a

ot hegrJ aspéeds o0t \ée)5§lee?f{cir@1f§5qn|ce}]%\# ﬂ% H%‘sgf? t)e‘é%'.olt'ﬁ?%ﬁfﬂcre%}%ﬁ%r(or
enbodi menignert bﬁd&Y@b%mhégliﬁ@%egﬁdf%eg gt efsefiroed0s | Prmatiorororaosllateral
include different features. For exanple, multi-thermal heati ”913gﬂte into

el enent delamags). Huellsosimaariant Haé @eed desin SR aulicantydeer B4
expandabl %nﬂebv ygﬁé ’th{%@é\éﬁitib?ﬁlt@%@a} SfteECetehaVASKIY. A L¥sGRIddMR greater

neur onodul at or rea W thout contacting the vessel wall.
B. Size angtdilopdlogutretrinahheftirgheleFleph@at mdy Seadalivewd tachifiesfitrgptment site

j atrayasw Ar Scess to.,a Renal Arter ' i ;

i nt ravascmWA'&tm ﬁ&é%rgal tacgf\éé}ﬁ sluHﬁetb?tO%eg&\%grjh}aﬁ‘ﬁg&@r ? geﬁ&égér?\és: Posiioned I
through t lfalenfa@mtglanagteﬁby;yamaf Hiaegartér@ fehtmsténgﬂtne rehaingexusi(sebdfig. 195).
is specially sized and configured to acco ate passage thro [

i nt ravascidige pasiHoned Wilkin 1¢ Saigsy quoﬁ?ﬁf r gsﬁé%qys%gcg@gfs? tvjé]itﬁe
the fenor gha@id BE4tiRG eforh et a8 cpshth LAkIMEYal Rision ¥l thiy frshtreathadnt site (see
artery. In this wa e caregiver is able to orient the therpa

, th ' L
heat i ng eIFéQreT&D)24'|yhﬁ first fecehlesioarcipatgs eefigt reatmand zpae Sl dyNpLrqriguous
[ 0092] For i ! . g _
9552) 1 ERA5ADTRS ey BTV B oy s o o
t her mal hesesttiognefreatetatth@4valltordarthé dengitudinal axiatoémeayrter}ye(i-ﬁnglé& first focal

di f th i d h h_whi
s baseed st irfpor pERME Rl The WA I GO BB LR v E ol Ao
(whi ch has agguithimere @ amgicesteaint@ppFdzomabedyt tie @tuinferbesy oikig artery in

likely be, froma clinical perspective, the |arges i d at het.er
used 1o adbegsoehsianenal Mg N JlCAunEnGrPRR RGN ey RGEHRReEXS or the

clearance fl-grance between the thernmal

[00140] After formation of the first focal lesion at the first treatment zone, the
thermal heating element 24 may be angularly repositioned relative to the renal artery
(see Figs. 19E and 19F). This angular repositioning may be achieved, for example,
by angularly rotating the elongated shaft 16 of treatment device 12 via handle
assembly 200 (see Fig. 16A). In addition to angular repositioning of the thermal
heating element 24, the thermal heating element may be repositioned along the
lengthwise or longitudinal dimension of the renal artery (see Fig. 19E). This
longitudinal repositioning may be achieved, for example, by translating the elongated
shaft 16 of treatment device 12 via handle assembly 200, and may occur before,
after or concurrent with angular repositioning of the thermal heating element 24.

[00141] Repositioning the thermal heating element 24 in both the longitudinal
and angular dimensions places the thermal heating element in contact with the
interior wall of the renal artery at a second treatment site for treating the renal plexus
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heating el ement 24 and the gui de catheter, the maxi num outer

di rension can be realistically expressed as being | ess than or equal
to approximately 0.085 inches. However, use of a smaller 5 French
gui de cat N& o/ é& fay require the use of smaller outer PET/HFREP%I6E334
al ong the el ongated shaft 16. For exarrpl e, a thermal heating el ement

24 that is to be routed within a French gui de cat heter would have
an out er (¥9enERs18F) oFNHGY ghenreay lbﬁafﬂﬁlﬂe'f%@wﬁrfbﬁéber ma heedinaeslement to

exanpl e, f@nt Q%@Eﬁﬁd hRal 1dsh fﬁ@ﬁ%"ée%dttr@étmeﬁt L QHefe?Vtc?Qatha%'sE%@nOG

French gui de cat heter woul ave an outer di nensi’'on o

0. 070 i nthelsnent zpne Nt seoond éinfreatesironti (sge Bict!Pbh [0093]As Fig. 7A
shows, the proxinmal end region 18 of the elongated shaft 16 includes,
coupl ed [M014RE hatvedMithatheefidst yre200entazdror ceedtedinynihiet Tirsy fseat tiesion 3the

The forc r mtting sectiopn 30.is sized,and confi gured 0SS
el ect edSHARRTPEHIED AgRErt rel cPiBud e AR SSRRRLT SrFligelige of e
through esndl bhenyt r Hos@es itienfiet ah@EeesndNrddiment b@esnguarsa;vawih@rﬂrﬁaéda
14, as it leads fromthe accessed fenoral arter t or right

through BOUHERIPY ZONFPhEre, ARGAT 'hﬁﬂ@r'?nﬁ‘ﬁlﬂ’”ﬂwwfﬁ% EQ5M tORE @ﬂﬂihefn
proxi m t ypd g thE%ﬁg@f&ﬁeér%dlehgﬂﬂisé‘ﬁﬁﬁéﬁénc(rlse&f th%rreﬁhgg‘rttérx g%k%ectn{e ly (see

mechani cal properties of force transmiting sectl
| east a pKef dPed &upedtipesinge i leiteﬁpdemdl frepimeerdszomes, which are

t t
30" ncr uieStopes APy Bt rdt SR o Ewa B8l BPBRDehal AT g 02
| engt h Ldorlnmoa a&mﬁs-sectbmmprdvlttesamabmmbsiteiitmtatmemi mrte:ﬂiruat cheers a greater
t th 14 t ]
br o1 et BHIGN RS GHRTIEIEIGE QHAS ABRDANAN B hrEratuient pas ndpidualy. As
preferr etﬂn@%ﬁ“@bbr{@ teafebRt kdnead nBe cHpfiniRe (@omt H@XERQK SroRf riUKRS,

anat ony, i(k;ment ed bfi a caregiver's know edge of the targeted site
gener al | pngiudigaltyean @agmﬁdm@ap@ﬂ trgabneryi 2onee).tihis pmetqt@cmﬂmt a greater

nor phol Og@( 8k dr'ise Fﬁé&ﬁengt% 5€the HHerif gfgﬁgng%ﬁbgft'fe% m? g’gﬂ‘g&e% Jlél&fb§

al so depen ent on of the gui
any. | n eessepistanosisatdsy eompbati terformation af mosingle fumhr’resmm@overmg an

1t no. guralvaitadBon S apbrfr ERTERSREA 2 SobVeBrRIl Heditn ofe
conpr i sesinglsdengtB@isemdsiioatsruibodba simgld Eross-Sectitn dfeng i'éheg Wrteey).
catheter is used, then the preferred effective length L1 conprises

about 65[00T4BP almie of Onaren additiona? Goedn beiBss mapibdeforabedtesnd or 6@

then the preferred effective |length L1 conprises about 95 cmto about

105 cm @additional angularly and longitudinally spaced treatment sites to created additional
angularly and longitudinally spaced treatment zones (see Figs. 19G-19K). In one
representative embodiment, superimposition of all or a portion of the treatment
zones provides a composite treatment zone that is non-continuous {i.e., that is
broken up along the lengthwise dimension or longitudinal axis of the renal artery),
yet that is substantially circumferential (i.e., that substantially extends all the way
around the circumference of the renal artery over a lengthwise segment of the
artery). This superimposed treatment zone beneficially does not create a continuous
circumferential lesion along any individual radial plane or cross-section normal to the
artery, which may reduce a risk of acute or late stenosis formation, as compared to
circumferential treatments that create a continuous circumferential lesion.

[00144] Non-continuous circumferential treatment by positioning thermal heating

element(s) at different angular orientations along multiple lengthwise locations may
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WO 2010/ 078175PCT/ US2009/ 069334 [ 0095] The force transmtting section
30 also includes a preferred axial stiffness and a preferred

torsional stiffness. The preferred axial stiffness expresses the
capabi | i ty vob 2d1bve78i5r ce transmitting section 30 to be aBUHHERH/QP334

wi thdrawn along the length of the intravascular path 14 without

buckl i ng or substantial deformation. Since sone axial deformation is
necessary pireferarttielly afieet Bnatmmcalt singcterest theh sBbstatially ipgrragatg&long the
tortuous int ravasc | ar [ 1

the. prof el uRE AERYPF ROLE BfoVn gty PRB LA Bkl Ean BB TRRrs
shoul d al spdpirevudRrédinat samait thetneurdiibepy @f s ’rmdenalrmem&)l Furthermore,

stiffness expresses the ca abi rce transmitti i

30 to rot SUENNAD-GINRYAYE & r&%%%re'{t@?éﬁ?ﬂeﬂ ?ﬁyoﬁb‘f ioﬁa{Fagﬁsz’%éﬁng%gy
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described I n greater detail later, the ability to advan
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desired magnit s and rotat'i onal fness for the
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constituent materials to provide a desired elastic
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end region VI Cl the respective
renal art eRgtratidn aoctratatian dFlrga réBnsamb dsyice Iﬁe:aaxeadnsmrh trfentéssnarmatlng

torsional stiffpess of the tEin 0 a

and rot at iSAMPERCES Frets erethifularalidhnly o5 pdR o R thgment

region 201z<ﬂ®sy\ih|el’eti§ﬁall@ﬁﬁr€gtHéefﬁabtl’uo@lbﬁ&teééblmtt@lcfedt@h&nnple treatment zones
per catheter placement and several treatment zones via only two catheter

placements.

[00146] In some embodiments, the distal end region 20 of the treatment device
12 may comprise a helical deflected configuration with multiple thermal heating
elements positioned along its length. When positioned in the helical deflected
configuration within a renal artery, the multipie thermal heating elements 24 may be
spaced circumferentially along the longitudinal length of the distal end region in
contact with the wall of the artery. In some embodiments, a non-continuous
circumferential treatment may be achieved via a single catheter ptacement without
angular or longitudinal repositioning of the distal end region 20.

[00147] As described (and as Fig. 8A shows), the thermal heating element 24 is
sized and configured, in use, to contact an internal wall of the renal artery. In the
illustrated embodiment (see Fig. 8A), the thermal heating element 24 takes the form
of an electrode 46 sized and configured to apply an electrical field comprising
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[ 0098] As shown in Fig. 7B, the distal end region 20 includes a first
or proximal flexure zone 32 proximate to the force transmtting
section 30. The proximal flexure zone 32 is sized and configured to
have nechéi‘?ﬂ%?&?"”giﬁpert i es that acconmmodate signifi caRETAUPERUEI Sy
bending at a prescribed preferred access angle al and provide for the
transm ssion of torque during rotation, wthout fracture, coll apse,
subst ant ragiofgpasesey ?BH ) eBergyi g?fﬂftheaﬂrﬁemwrs%ﬁ i9ga yessehavalll bnigetitustrated

shaft 16emBRBIReRXiniPLicbl63dii8 @%psra%g%ﬁf Mﬂfé}%@dﬁﬁ&ai hBgH! f this

suff|C|ent sta nce via a
cat het er airangermhbet, agrtirn @atl‘eﬁoy tm e;br:med Rt ebtchi fied isyesstablaahght e,y an

out the quide,catheter s defi ed by. t g

devi at i O%Xttem;ﬁ[ %ergygael{a@ eJd \fﬁcﬁ‘%)nﬁﬁo A dgﬁ'f'e'”?%ef%rfg?&fo&ﬁ or
f rom t henagtrélocléetrausg Y Gldnbpelaf @bpwcattibar@frrRFteleené&ietd eRerdy ée?ves to
al i gned) and he targeted renal artery | o ich the distal end

n
regi on 28hmicalyiog ivetyriaatitigsyg §bth§h‘6%'t3f ﬁ’rgtﬂ:iegele@gde 4hilhe %DR“ﬁ@“Oﬂ
angle th r a t
di st al eﬁﬁd”ﬁée]q?%r?ﬂ%%@ [elfhdea)fe rgnna4l edéﬁg?%emm\?ﬁ)#et e&%tagbg% o B
renal ar therpallyin d@etm@romodelatmrarﬁem tneangsis.eihermoal igerefion be ablatlon) in
el ongate S | | t L\ of the ort
(as B o heckoBiched felaBORS, The 3aalirhdvyaful Bty BB aBort bl
pr oxi mal isfdhevur, . zoineFi@20By | | need to neke for the distal end region
of the treatnent device to access the renal artery and the smaller

the angl ppoals] [W@%t%esmfaml srah dfl e (ASPg b3Bvésn M Bbr@arheating

configur gl%rr;[e%t p291 or electrode 46 and the vessel wall has great bearing on the efficiency
and control of the transfer of a thermal energy field across the vessel wall to
thermally affect targeted neural fibers in the renal plexus (RP). The active surface
area of the thermal heating element 24 and electrode 46 is defined as the energy
transmitting area of the element 24 or electrode 46 that can be placed in intimate
contact against tissue. Too much contact between the thermal heating element and
the vessel wall may create unduly high temperatures at or around the interface
between the tissue and the thermal heating element, thereby creating excessive
heat generation at this interface. This excessive heat can create a lesion that is
circumferentially too large. This can also lead to undesirable thermal damage at the
vessel wall. In addition to potentially causing stenotic injury, this undesirable thermal
damage can cause tissue desiccation (i.e., dehydration) which reduces the thermal
conductivity of the tissue, thereby potentially creating a lesion that is too shallow to
reach the neural fibers. Too little contact between the thermal heating element and
the vessel wall may result in superficial heating of the vessel wall, thereby creating a
lesion that is too small (e.g., < 10% of vessel circumference) and/or too shallow.

[00149]  While the active surface area (ASA) of the thermal heating element 24
and electrode 46 is important to creating lesions of desirable size and depth, the
ratio between the active surface area (ASA) and iotal surface area (TSA) of the
thermal heating element 24 and electrode 46 is also important. The ASA to TSA
ratio influences lesion formation in two ways: (1) the degree of resistive heating via
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mechani cal properties that acconmodate significant, abrupt flexure or
bendi ng at the access angle al near the junction of the aorta and the
renal artery. Due to its size, configuration, and mechani cal
propertieswo taoqpmosi mal fl exure zone 32 nust resol ve tHERESAP403¢
or bending forces without fracture, collapse, distortion, or
significant twsting. The resolution of these flexure or bendi ng

f orces Dby tid el gt ifigstd, drhcb)(ﬁ)thezefﬁectsmfn’aloed ﬂcowpnrssthﬁreoorrwecweecoolmg

distal end,r e eI ated shaf

the intr a@é%@%?t%rsué&taﬁ IRigc eﬂt gdé?'g% %grja?)ogé) tﬂg Ir%tgﬁlri’é;l ﬁééé)? guses
[ 00101] Th@e%roxormmoﬁImuégstwaeaawg of sbaed eapmihedoﬂmf ir@uaedtncmdlcengﬁhe
L2 to be |l ess than Iengﬁé}?\ see ecau

di stance hghgedie pRA TP é@t'oag@estg grqaée e ‘i%‘ia(jt%ﬁ ‘:f%ht fetl?ﬁré)de and

aorta and cen 'ufer%r%raiér(tha%Q@tln)evh@mPOXAér@tgcugs@mL@reéﬁérthéupbabwuthe
55 cm is gen reater than the of a renal arter%Abetwe

t he aort aflawdot Ibbaqdngverdtr@t 8XPASESaPATHAL @f the glegkgde HESPengtRALPTRESS
renal art ebkuudhibGhd ccbnRIEéEt'l\féaéddﬁn g9 tle dicERAQ ABRYY By agss thermal

preferred 've 1 en ived fromt human
anat ony, aingnEMdves ﬂmmhhalrﬁanfmga lvﬁmfesn ﬂkewmsadigl@”@hdteﬂx@t@ﬁﬁe |f the ratio of

general ly dfrom r|o si,S_of 1 | 6

nor phol ogy Oéﬁ?? ht‘i’e/% df 38?489@ [[58%10 Sﬁ%@?’%ﬁﬂtes %éﬁel eng"fehcﬁr} Qe too
sel ect ed tgygrasfrel dndoest Bnbligh bﬁcésssthema]@ntargms@blngl”@rpeubawaw resultlng in
flexure zone 32 partially in the aortaqafi9 or

LI
wel | as r&eessie F@ﬁhlgﬁﬂﬁ@t'ﬁﬂr@n%dngﬁaﬁ H?F%Wia ‘Pr Ffeé@ﬁ? nli’f)\‘h h@“agus
partially f&S‘f‘rﬁz?'oﬂ ANE LRGSR abRY R10h §idS. Rif the RIRoSITONSA -to ITBA R Bowew, (e.g.,

t he proxi nmal exure zone 32 defines a transitional bend that is
support ed &%), $reasheraistop httle rﬁeswta@chm%mg@ tispuso PRy reguitingga superficial

descr i bed 185 83k S8} Abd shallofler |@shsas shown in Fig. 6B, the

[00150] Various size constraints for the thermal heating element 24 may be
imposed for clinical reasons by the maximum desired dimensions of the guide
catheter, as well as by the size and anatomy of the renal artery itself. Typically, the
maximum outer diameter {or cross-sectional dimension for non-circular cross-
section) of the electrode 46 comprises the largest diameter encountered along the
length of the elongated shaft 16 distal to the handle assembly 200. Thus, the outer
diameters of the force transmitting section 30 and proximal, intermediate and distal
flexure zones 32, 34, and 44 are equal to or (desirably) less than the maximum outer
diameter of the electrode 46.

[00151] In a representative embodiment shown in Fig. 8A, the electrode 46 takes
the form of a right circular cylinder, possessing a length L5 that is greater than its
diameter. The electrode 46 further desirably includes a distal region that is rounded
to form an atraumatic end surface 48. In the representative embodiment shown in
Fig. 8B, the electrode 46 is spherical in shape. The spherical shape, too, presents
an atraumatic surface to the tissue interface.

[00152] As shown in Figs. 8A and 8B, the angle a3 and length L4 of the distal
flexure zone 44 are specially sized and configured, given the TSA of the respective
electrode, to optimize an active surface area of contact between tissue and the
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| ength L2 of the proximal flexure zone 32 desirably does not extend
the full length of the targeted Iength of the renal artery. That is
because the distal end region 20 of the elongated shaft 16 desirably
i ncl udes OHR2UPOWHBe additional flexure zones, distal PETAURYIGE4mal
fl exure zone 32 (toward the substance of the kidney), to accommobdate
other different functions inportant to the therapeutic objectives of
t he treafeanective elestrode 4600SA) Theanglesed iapddhe dength Lvhef thbidistelyfexare

possi bl o PE° PATEHS PRESyRIR RSP eyl (TEHH 48 SRl K5 bt bls elegioce

the ther ﬁﬁlaglaemlt llsagJes\QSemmg &G ), toughhieshorfibe antersyoddothat theadlsgtride 46

00104 I t t I ani ca
broper 11 8880 PBsTSRaT N 11055 netaned ihiRcs de I Sl Paniit dpsue
f rom t he pABERRAPOREL d@lwélﬁﬁrlhl@ﬁepﬁésérﬂ@tnfeoérﬁ@o@th@m mhbtad’mge Sefhbered of
This is because the proxinmal flexure zone 32 and force

transmi t theng eEERi AC LoMActing fipae MSALFRT P%%Dﬁﬂﬁﬁﬁ% apmM\3fs & 0.25 TSA and
Al ternati ¥ o ddegpechani cal properties of proximal flexure zone 32
and for cé\s?lr apl'srri tt'?!ralg section 30 can be simlar. [00105] The force
transmt ect l.o

torque o er a reIA S% o'é(ngét eng PE%%\/\?% etcﬂgé@()ggcuﬁgpgggpower
pat hway. delivery ptcrfdaest A!tei‘rrnatlmlp,)e h@hef ASRALIOET SA rﬁlo’ié?ambedempenkatad?om by

axial load and t ue r a less r.oxi mate, 1o or

2 espectitung Bl igbe fogiBBictine SEtimes Thals sxposdiulaios Haw s
must abr ui@tbyssaomfrmembtemwtm@m bandhfevall tsyem?ednhg ddénﬁg rﬂgrasoéuchhﬁs
aorta and the respective r enal artery, wthout fracture, collapse,

subst ant Failledisaling eyesihe S‘ecgp%?f‘ﬁj@"ﬁﬂtthq Qiogtisfi§gamThi s i s a function
that the force transmtting zone need not perform Accordingly, the

proxi mal [GA188Lr e TnetifBespes of gaeh @fﬁ@&:&ﬁern@eﬁ@t@ ans! gistal dexurst zanesadl

.0 PO B SHCTRABP hohI0R ORATESR 4SBT R HSE s

aX| al st iHef alestrode dibain suldtamdtally faeess camtdet with the vessel wall tissue. This
stabilizing force aiso influences the amount of wall contact achieved by the thermal

heating element (i.e., the ASA to TSA ratio). With greater stabilizing force, the
thermal heating element has more wall contact and with less stabilizing force, less
wall contact is achieved. Additional advantages of the stabilizing force include, (1)
softening the contact force between the distal end 20 and vessel wall to minimize
risk of mechanical injury to vessel wall, (2) consistent positioning of the electrode 46
flat against the vesse! wall, and (3) stabilizing the electrode 46 against the vessel
wall. The stabilizing force also allows the electrode to return to a neutral position
after the electrode is removed from contact with the wall.

[00155] As previously discussed, for clinical reasons, the maximum outer
diameter (or cross-sectional dimension) of the electrode 46 is constrained by the
maximum inner diameter of the guide catheter through which the elongated shaft 16
is to be passed through the intravascular path 14. Assuming that an 8 French guide
catheter 94 (which has an inner diameter of approximately 0.091 inches) is, from a
clinical perspective, the largest desired catheter to be used to access the renal
artery, and allowing for a reasonable clearance tolerances between the electrode 46

and the guide catheter, the maximum diameter of the electrode 46 is constrained to
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flexibility for the proximal flexure zone 32 can be obtained by
sel ection of constituent material or materials to provide a desired

el astic nodul us (expressed, e.g., in terns of a Young's Mdulus (E))
i ndi cati vewaf2oid@rii lity, as well as selecting the corREWURBPIRRY
configuration of the force transmtting section, e.g., in terns of

its interior dianeter, outer dianeter, wall thi ckness and structural
f eat ur es, abmvtl mdBSI@chleesmme(ﬂweohaIB Erermhsgmdﬁ camete;e@nuéeﬁ ynstead of an 8

Represent at | exa scri bed ai r
[00107] Al h_giuf ﬁ@g’r‘ atll}IeB atmf”ﬁ@%r%@hrarn% T r?gecgr‘gg 8% 1
30 and t heofstmhdthto éﬂacﬂxwwam@aeﬁz I éheeewdrnitfd 5Essncnguitie eribgtdriis yised,
properties that are upique t

f i i .
possi bl e tha maxinyrg diametes lehﬁfog chhv%t g’ﬁf?tdlt tr??gst?)CFI s @? inches.

flexure zgnee32 [{rge ! %n%ﬁfﬁﬁtsfmhﬁﬂ' ahe, SbREENbegoWdC delivery
conflguratlon such that the force transmtting section 30 and t

pr oxi nal t:oesad&ret!@m]ethsze!&wl 4§ desirafly $aged EIMER. owef Hte@?%ﬁ%frem
Fl exur e Z%gﬁuéﬁza&gﬁ Aﬁo ed 51 r?: %g%’ne]e% e %‘ﬁls&%esfr@ﬁ gﬂafétaaflmrﬁrﬂdm

regi on 20 e elon so I nc
proxi mal bhmrldlanetenef aﬁ)ut@ G2frionbenio mrnvallermtﬁlcml’é coblingiard lesien size. In

The thernmal heat e, 4 t

flexure 2 SRESIAMCPEBRIG he SRPEHRear0e  ne e Jiiisy HERERE 2} fnay
confi gur egav@adehth of BBoeChantcabor3opar.ti es that accormodat e

addi tional flexure or bending, independent of the proximal flexure

zone 32, adofsepr efwhnedt mﬂt @@t pEdsI t@2prdeeh9Uttathet@ctapperat0$)Idratﬂm&ce
substantial distortion, or 'significant twistin 'll' r} r medi a
flexure zomingamahble dleaiadstat BhAEIIDEL 1oaier S5 et Slehe %RE’P“E‘H% it is

ey o SRbTREk R caatsnga g eeot g seil o ere o a el st
at or proximate to the distal end. There are several reasons why a single electrode
apparatus may have clinical andfor functional benefits over a multiple electrode
apparatus. For example, as indicated below, an electrode with a relatively large
surface area may create larger, more effective lesions via increased energy delivery
and higher power since blood flow carries away excess heat and effectively cools
the electrode. As discussed above, the maximum diameter/crossing profile of the
electrode is constrained by the inner diameter of the guide catheter through which
the electrode is delivered. It would be difficult for a multiple electrode apparatus to
have electrodes that are as large as a single electrode at the distal end of the
apparatus since the crossing profile of the multiple electrodes would have to take
into account the diameter of the apparatus shaft. Attempts to design an apparatus
having multiple electrodes that individually approach the surface area of a single
electrode at the distal end are expected to increase compiexity and cost.
Additionally, multiple electrode arrangements can also increase stiffness of the
apparatus, which may not only compromise the deliverability of the apparatus, but
also increase risk of injury to the blood vessels. For example, a catheter apparatus
that is too stiff would not be able to make the significant bend that is necessary to
access a renal artery from the abdominal aorta.



[ 00110] The preferred contact angle a2 is defined by the angle through
whi ch the thermal heating elenment 24 can be radially deflected within
the renal artery to establish contact between the thermal heating

el ement 2AVQHH/BEWITSnner wal | of the respective renal aPEEUF00HesFIg.
68 shows). The size of the contact angle a2 and the internedi ate

fl exure zone length L3 preferably are based on the native inside

di anet er [(A157he rNeipedy may delivary taransk frougi @ tortiwusHioohvesseltsush as a

o eTent 2 SR, T L R A 0 08 T
bet wegz ahthmt g&o;tnmm@lcmidouﬁssél may él@@bhﬂ:ﬁ'ﬁ@nglmgerSﬁfﬁteaia%cﬁﬂaemé&)my
zone extends fr

32 f
e Che YA stiriibanlly LBEORE Tatugaly snsbie wied giablp locaton ehuessel
L3 is sebaficds baki DEsdeNt Qisdgso U@t t@hé@@@lterbsl«e% %ﬁcéé&%ﬂ,ﬁ” eén and

fl exure zone 32 that extends into tgne renal artery, as wel e
anat ony BfaCERENt ¥padt ARRArAISarcaRrkevery t@michigdl witpl Mlmm@leﬁml

heat! N9 BBAbI, h VGa el ik £7hdhe bl BRI 6P ARoflcs

at or near tre si'te
L3 can béuddoithediariablei amatoing dfethgtveskel wher@ ’aeatmmtt Jis to e adrrinisteres!.

of hunman eth th a regi,ver's no .edge of the sjte
general | ﬁ\ﬂﬁ 93&8%??8 f?%%%rlei %CFU(@ %Y%O%EF a’{ B@??’P%’EIPQ% Sddr€ss
nor phol owmef ot hieedennigeksd itSivbald Intréaseeieee08t af ithg HERAAI aRNtncrédse
i s about cm L3 is about 5 mmto about 15 nm In certain

enbodi neﬁ?@pleﬁay ?qrétw &BEY Flghce. gl plactioderanparatusych anhaidsseribed
vessel s, hér%l&%?%eaﬁo}é)@ﬁeétﬁleaﬁ%ﬂtaaﬂulﬂﬁ‘e biBcRG f&ﬁba@gﬁg?ﬁ%ﬁdw%

enbodlnent and "as described later In %heater detail’, s
12.5 mm tqrmom;@]cm vasgelsmberhdodre is Adigmdegree of anatoniexarabilitpne 34 is
desirably sized and configured in length L3 to be less than |length

L2, This i s hgcayeey i Nehgf ”Btoqﬂ%éu%r\mhe TRemflH@Rne disfidht ed for

actively deflecting th ermal heating ele nto con act with

a wal | ofg ISQE) gi@éfeﬁfn%; ) FST ik 't@??[ﬁ%%aﬂe@%nﬁ&ﬁﬁeﬁpQh@lpé%ﬁr@

reqU|red fo e el ong a ‘ed sh aln access
aorta i nﬂ“@ytﬂh@plyeﬁ@aﬂheaﬂle@rqde %as)ulsdcbon mrgmhousﬁ RFheleckmneerlchrAltb‘qaghsa

gﬁgﬁpwdgﬂﬁmﬁgg ér%/l c%i%i% %%goqyg%aé;eesgrag etr];é cat[o 5t t ermaqdenré?gt;y s
pulses may allow the application of relatively higher energy levels {e.g., higher
power), longer or shorter total duration times, and/or better controlied intravascular
renal neuromodulation therapy. Pulsed energy may also allow for the use of a

smalter electrode.

[001589] The thermal therapy may be monitored and controlled, for example, via
data collected with one or more temperature sensors (e.g., thermocouples,
thermistors, etc.), impedance sensors, pressure sensors, optical sensors, flow
sensors, chemical sensors or other sensors 52 (see Fig. 9A), which may be
incorporated into or on electrode 46 or infon adjacent areas on the distal end region
20. Additionally or alternatively, various microsensors can be used to acquire data
corresponding to the thermal heating element, the vessel wall and/or the blood
flowing across the thermal heating element. For example, arrays of micro
thermocouples andfor impedance sensors can be implemented to acquire data
along the thermal heating element or other parts of the treatment device. Sensor
data can be acquired or monitored prior to, simultaneous with, or after the delivery of
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[00113] When the catheter is outside the patient and the internedi ate
flexure zone 34 is in a substantially straight, undeflected
configuration, angle a2 (as shown in Fig. 7C) is approximtely 180.
Upon ful | wsafieewissom of the internediate flexure zone 3ECT/VHEOGPAYPE
a2 is reduced to anywhere between about 45 and 180. In a
representative enbodi nent, upon full deflection angle a2 is about 75
to about &B&rgylor inetwesn pelpesoérhatdyy whentapgiioarie, Thsomonilered data may

defl ectiop _angl.e a2 is, ahout 90. [00 n def | ect -

Cont | gur aBp giFeBn B fpedck (ioe 18 petBran kbl fd 5 6 §elgrming whether to
a radi us ebntilie'@disEtrEent narkib aiyTecitisieberteliet eletivery atf andnareased or
I nternmedi ate fl exure zone 34 does noﬁ{ vary or is consistent along the
| engt h L3reqused noMEr BT 8 20ngeH of AR, %@tﬂorgW&r%pyaZ may define the

radi us of curvature RoC. It should be understood that the curvature
of inter @00k f|NotasIgtofigsuRy Maydbe h@P&?ﬁe‘?h@’ T{] («gﬁurw ki, e

RoC of thﬁe{ﬁ%ﬁf%@fg%rﬁ%@lﬁﬁg R fe aRbloPCBAVAIOE YWeBBYINN BaX catridtaway

the | engt S dinents where the curvature does
not vary, exbess thegndl ér@rgwy Forkxampte (asakigsoBA @ngo9B show).3utrepblopfdlow

ST ST e o R B el SRR Rl barbiiglo v eieS, o
native circulation of blood in the respective renal artery serves to remove excess
thermal energy from the non-target tissue and the thermal heating element. The
removal of excess thermal energy by blood flow also allows for treatments of higher
power, where more energy can be delivered to the target tissue as thermal energy is
carried away from the electrode and non-target tissue. In this way, intravascularly-
delivered thermal energy heats target neural fibers located proximate to the vesse!
wall to modulate the target neural fibers, while blood flow (F) within the respective
renal artery protects non-target tissue of the vessel wall from excessive or
undesirable thermal injury. When energy is delivered in pulses, the time interval
between delivery of thermal energy pulses may facilitate additional convective or
other cooling of the non-target tissue of the vessel wall compared to applying an

equivalent magnitude or duration of continuous thermal energy.

[00161] In addition, or as an alternative, to utilizing blood flow (F) as a heat sink,
a thermal fluid may be injected, infused, or otherwise delivered into the vessel to
remove excess thermal energy and protect the non-target tissues. The thermal fluid
may, for example, comprise a saline or other biocompatible fiuid. The thermai fluid
may, for example, be injected through the treatment device 12 via an infusion lumen
and/or port (not shown) or through a guide catheter at a location upstream from an
energy delivery element, or at other locations relative to the tissue for which
protection is sought. The use of a thermal fluid may allow for the delivery of

increased/higher power, smaller electrode size and/or reduced treatment time.

[00162]  Although many of the embodiments described herein pertain to electrical
systems configured for the delivery of RF energy, it is contemplated that the desired
treatment can be can be accomplished by other means, e.g., by coherent or
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360 C (180 - a 2) x L 3. 2g x RoC [00116] Sol ving for the radius of
curvature RoC. 360 x L3 RoC = X
(180-a2) 00117] Thus, in a representative enbodi nent of

i nt er nedi AYQ2EPRBLe zone 34 where the curvature of thECT/HE20HEAIAL e
fl exure zone does not vary along the length L3, where the length L3

I s about 5mmto about 20nm and where the angle a2 is about 75 to
about 13B)cohpeent dlihtis heategupy gapled YT i Ricipwave;3ntinasourt dinclurgnhig

a repr es‘?rﬂé Mﬁ@cﬁgﬁqﬂfr 2 C*l({)&g RSERY Rk fheﬁﬁﬁ%ﬁunéogrecrg?%%}gg flw the

curvature I nt'er medl at exure 'zons does
length L3, where the length L3 is about 12.5nm and where the angle

a2 is abdht 7Beptesghtative Easbodimentsadi us of curvature RoC is about 7mm

to about 16mm In a representative enbodi ment of internediate flexure

zone 34 wher €, theF.@t'w@tﬂégéntgﬁvé %ﬂﬁ i £|' %é%f%ngw £ ot
| the | nd
\\Il\ﬁl.re?/eat ﬁggangfe 22 IS aIZ%’FI W %@IE 0 curvat ure iI'S about
8 00

Chat | helOGST " iros, EDRPEAEET bhol 4 oreled e RIB I ST ordfc
a2. Furt Bl&afhﬂﬁdhauzqnbmeera praxinnalyotpe traresniting extction 1308 bamﬁﬂlrm pmllnmsi
f t t 2 def t he | th L3 us, |

erbod melNETAAE Bk daipC JEkTe " Greenclr Adaiaada i BRUPE Tnahusica g
not varynalchagichhéedteregt Beskc’ﬁfbednéfbwte laf trﬁ@%nhtﬁﬁﬂhbnl-aheaﬂhﬁhﬁalaﬂeéﬂ"ﬁb

radi us of curvature RoC ecified by specifying the other two
vari apbl eglement 24 is carried d|stglly ofthgdlstal ﬂexureyzon% 44 (s¥ee gg Fig. 11A).

1.  Force Transmitting Section

[00164] In the illustrated embodiment, as shown in Figs. 10A and 10B, the
proximal force transmitting section 30 comprises a first elongated and desirably
tubular structure, which can take the form of, e.g., a first tubular structure 54. The
first tubular structure 54 is desirably a hypo tube that is made of a metal material,
e.g. of stainless steel, or a shape memory alloy, e.g., nickel titanium (a.k.a., nitinol or
NiTi), to possess the requisite axial stiffness and torsional stiffness, as already
described, for the force transmitting section 30. As already described, the force
transmitting section 30 comprises the most stiff section along the elongated shaft 186,
to facilitate axially movement of the elongated shaft 16, as well as rotational
manipulation of the elongated shaft 16 within the intravascular path 14,
Alternatively, the first tubular structure 54 may comprise a hollow coil, hollow cable,
solid cable (w/ embedded wires), a braided or braid reinforced shaft, a coil reinforced
polymer shaft, a metal/polymer composite, etc.

[00165] The stiffness is a function of material selection as well as structural
features such as interior diameter, outside diameter, wall thickness, geometry and
other features that are made by micro-engineering, machining, cutting and/or skiving
the hypo tube material to provide the desired axial and torsional stiffness
characteristics. For example, the elongated shaft can be a hypo tube that is laser
cut to various shapes and cross-sectional geomeitries to achieve the desired

functional properties.
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WO 2010/ 078175PCT/ US2009/ 069334 [00119]In the defl ected configuration
of Fig. 7C, the internmedi ate flexure zone 34 |ocates the thernal
heating el enment 24 at a dinension Y froma |ongitudinal axis A of the
i nt er nedi awe Mlwwsre zone 34 just distal of the proxi mACTYRUIOEBbne
32. The dinension Y can vary from about 2mmto about 20mm In sone
configurations, the dinension Y can be from about 5nmto about 15nm

[ 00120] By[0s4B6pf &Waerplthe first tubetargetrdctaret®t isf madaufram ramdglectrically
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enbodi ”E”Fr%teri’é?gg?{%fso Eé‘gel@bféﬂﬂé'ﬂéﬁsé(ssf@)deﬁﬁ@@d@rdﬂﬁétéﬁ(@zbtess&l U dagede
may be oversize facilitate contact in a straight or

vessel . Thesiiffitessrasdaek theareel io sonbivatesip the ﬁ‘?%'@dc%‘fﬁr?]b Etr'f@'tﬁsﬁooﬂ thedtret
the ther F%uha?ats D&y eggn Adi%tt arﬁjétgﬁﬁ\? Xhd T @&}rﬁﬁe?" Ha?érlaq’n%cﬁfde

t he prox | éxare zone dlnen3|on can e.g., based
on the di pelgsihgieny¥ tambhtmatbe(ﬁgfm PabaxX® oiRafalsnEom. pqrwrgtmﬂg Ghtanin®

proxi mal a L nt er nedj at re.z t 3
regi on 20"“5’&j ﬁlneoreF?m 5‘?@8”%ﬁﬁ?fFOfLe?%%rP‘ﬁYngﬂg"eﬁé”a‘ &Fn ced a%’{' S{&lj dip
conpl ex, py4ted; Hsrag-cohidds o iotherriseTdepositaplattacheditd thebeutdr sltam&iéuo’ethe
36 conprlses one deflection region at the access angle al over a
length L2 L{'3[‘9I=1e proxi mal flexure zone 32) and a second defl ection
region at the contact angle a2 over a length L3 (the internediate

fl exure zone 34). 4n mgxiﬁ@nplegmgez@ﬂéi-bend, both L2 and L3 and
angle al and angle a2 can differ. This is because the angle al and

| engt h L2[@1&7$pPe Az |riys. snmd 1a3d wfmwrsm@wt, Othgapmx&naieﬂexdreonmm 32
aorta into a respectlve renal artery t ro

u I t,
ol Nt AnGOPRESSN|Se0RRd ST GaleR PO s SHPBYSHBARE By iare, NG o 1eke the
confi gur eﬂ) F" | INa 3ebA TMuId&RUCRAe 888 TRE SeddndMubilia? BtruBlRE B8Tcan be

wal | i nsi renal artery.
made from the same or different material as the first tubular structure 54. The axial

stiffness and torsiona!l stiffness of the second tubular structure 58 possesses the
requisite axial stiffness and torsional stiffness, as already described, for the proximal
flexure zone 32. As already described, the proxima! flexure zone 32 may be less stiff
and more flexible than the force transmitting section 30, to navigate the severe bend
at and prior to the junction of the aorta and respective renal artery. The second
tubular structure is desirably a hypo tube, but can alternatively comprise a hollow
coil, hollow cable, braided shaft, etc.

[00168] it may be desirable for the first and second tubular structures 54 and 58
to share the same material. In this event, the form and physical features of the
second tubular structure 58 may be altered, compared to the first tubular structure
54, to achieve the desired stiffness and flexibility differences. For example, the
interior diameter, outside diameter, wall thickness, and other engineered features of
the second tubular structure 58 can be tailored to provide the desired axial and
torsional stiffness and flexibility characteristics. For example, the second tubular
structure 58 can be laser cut along its length to provide a bendable, spring-like
structure. Depending on the ease of manufacturability the first and second tubular
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[00122]In the illustrated enbodi nent (see, e.g., Fig. 70, the
internmediate flexure zone 34 is sized and configured to allow a
caregiver to renotely deflect the internediate flexure zone 34 within
the renal YR IP81T50 radially position the thermal heaPPRYSWPERRTH 24
into contact with an inner wall of the renal artery. [00123]In the

Il lustrated enbodi nent, a control nmechanismis coupled to the

i nt er medslveiufaseay dezpivgugad froRe theogame | piesscbmiatarial o fede éva separate

control w 4 - ; S, / t

the. di st S B meih e Ml A0 PROLIC AT RO o EEURY v
enbodi neof thessahowaténal Rhgsoutdid® damost&20f thedeodbhd tubell atestiwicture &8ioan be
greater ontr. e 40.i r oxi mal |

tail |at . Th | Wi
Phrougn (988 BB ales AFeetor oh it ubiiee ai s B lathare Samdier ol
handl e agfiginlsy) 29 Qredlethat dgdiredl diffBrntigtioRtiorstifRsd ®ebveerPYhd Mitst and
caregiver pulling promtggalslb%‘:on or pushing forward the actuator 260)

pul |'s th&€ tugilapsirac &d 88.apply a conpressive and bending
force to the internediate flexure zone 34 (as Figs. 7C and 120 sho

resul tinfPA189bendVhgn theesewngr dduilarestrutere B8 somsidrafrpan ani elactrinally
the. i nt e SREYE plal rtel3Eang SecbRF ABpUEFRIUERFE Skl ey Flsh Hhater
zone 34 aingctuten®4 ebylpdesdi stidagh 60\ese Figs. tihBraral 1h@por coreeingmeade Fém
toward agnierllécﬁlrici:acflry i‘r’1vs‘ffll.|1lldtir%)dc p}:)lr)]/?nerrerrrfa Ieriéalllr E)rer[r?étér?a?s,Igsgélrga%ysggsvc\:’?izaéd. The
sheath 60 or covering can also be selected to possess a desired durometer to
contribute to the desired differentiation in stiffness and flexibility between the first

and second tubular structures 58.

[00170] The second tubular structure 58 can comprise a different material than
the first tubular structure 54 to impart the desired differentiation in stiffness and
flexibility between the first and second tubular sfructures §8. For example, the
second tubular structure 58 can comprise a cobalt-chromium-nickel alloy, instead of
stainless steel. Alternatively, the second tubular structure 58 can comprise a less
rigid polymer, a braided or braid-reinforced shaft, a coil reinforced polymer shaft, a
metal/polymer composite, nitinol or hollow cable-like structure. In addition to
material selection, the desired differentiation in stiffness and overall flexibility can be
achieved by selection of the interior diameter, outside diameter, wall thickness, and
other engineered features of the second tubular structure 58, as already described.
Further, a sheath 60 or covering made from an electrically insulating polymer
material, as above described, can also be placed over the outer diameter of the
second tubular structure 58 to impart the desired differentiation between the first and

second tubular structures 54 and 58.

3. Intermediate Flexure Zone

[00171]  As Figs. 12A, 12B, 12C, and 12D show, the intermediate flexure zone 34
comprises a third elongated and desirably tubular structure, which can take the form
of, e.g., a third tubular structure 62. The third tubular structure 62 can be made from

-43-



[00124] Desirably, as will be described in greater detail later, the
di stal end region 20 of the elongated shaft 16 can be sized and
configured to vary the stiffness of the internediate flexure zone 34
about its oo maeré@@rence. The variable circunferential sEEHPHRAPPHEIM
imparts preferential and directional bending to the internedi ate
flexure zone 34 (i.e., directionally biased stiffness). In response

t o oper at tlensahetdredifisenttmter28Gs thedirshaed/aeaeeans ubulansirughiies 94 and

may be confi gured t nd in i . ent | ' hQn.

Repr esent i%ee%'ggisﬁﬁ'ﬁ?%g @Qanﬁg%ﬁngﬁﬁe% &teg urt@@mﬁﬁu@g structure 62
descri bed poBsdisegiies rélpidiel alidittifine§9aid Wdlomat stiffress say elready desulidad,
force and resulting directional bending

. | fromthe.defl ecti :
i nt er medi &@reiheliRiRlPedIzlnke e gqQ8e 5@#@&#@@@&@?@8”%‘% ﬁ%gﬁ%ﬁft{l?}%%xum
axi al stithResm phy theicsotsntmml Alde ekl tharome. prbRitna dletatd a2, to
the control wre 46 serves to i ncrease the axial stiffness

f the
i nt er medi fadlitatee captsoliasn slefipam ey | e ditgamediaigyifigrkurg, FOPsr gﬁowgﬁ'” the

stiffness hapical properties of internediate flexure zone
34 can, aﬁ%sp(?tecg?? a@%ﬁ@%’?' differ fromthe nmechani cal properties of

e P TS o Sl e Ep R iU A BBl b tame
f unct i ons rmdtetisl, the fosa.and physical features of the third tubular structure 62 are altered,
compared to the second tubular structure 58, to achieve the desired stiffness and
flexibility differences. For example, the interior diameter, outside diameter, wall
thickness, and other engineered features of the third tubular structure 62 can be
tailored to provide the desired axial and torsional stifiness and flexibility
characteristics. For example, the third tubular structure 62 can be laser cut along its
length to provide a more bendable, more spring-like structure than the second

tubular structure 58.

[00173] When the third tubular structure 62 is made from an electrically
conductive metal material, the third tubular structure 62 also includes a sheath 64
(see Figs. 12B, 12C, and 12D) or covering made from an electrically insulating
polymer material or materials, as already descried. The sheath 64 or covering can
also be selected to possess a desired durometer to contribute to the desired
differentiation in stiffness and flexibility between the second and third tubular
structure 62s.

[00174] The third tubular structure 62 can comprise a different material than the
second tubular structure to impart the desired differentiation in stiffness and flexibility
between the second and third tubular structures 62. For example, the third tubular
structure 62 can include a Nitinol material, to impart the desired differentiation in
stiffness between the second and third tubular structures 58 and 62. In addition to
material selection, the desired differentiation in stifiness and overall flexibility can be
achieved by selection of the interior diameter, outside diameter, wall thickness, and
other engineered features of the third tubular structure 62, as already described.



[00127] The proximal flexure zone 32 transmts axial |oad and torque
over a longer length (L2) than the internedi ate fl exure zone 34 (L3).
Inportantly, the internediate flexure zone 34 is also sized and
configurea%?anwgmﬁﬁflected remptely within the renal aPEEU§2089/06033d
caregiver. In this arrangenent, |ess resistance to deflection is
desirable This is a function that the proximl flexure zone 32 need

not -27- [0Q5&5 or rorae¥aPaiendn ydiamgteri ihe rowisidat dametscupt the tbir@4ubglar
desi rab xtrﬁetaﬁéi69r@dg&g{buygﬁégs@hémth%%dtgéaa&%&ér of 46N Mb%lzﬁoﬁrturcﬁjre 58.
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accommd#it@rméoﬁatfel mr@ z6he hewdsingblal tHe cah qﬁeeéémev@diwsrﬁaﬁﬁgltﬁe Fhird
wi t hout fracture, collapse, substantial distortion, i gni fTcant

twi st i nglmIATRIisERGR s ke the dested Jopaien abdsfanionaiarmereostit

axi al st phE0ERSHe Aledtib? Brlefitiidh €8S efMble, as shown in Figs. 12B and 12C,
the third tubular structure 62 (unlike the second tubular structure 58) can include a
laser-cut pattern that includes a spine 66 with connecting ribs 68. The pattern biases
the deflection of the third tubular structure 62, in response to pulling on the contro!
wire 40 coupled to the distai end of the third tubular structure 62, toward a desired
direction. The control wire 40 is attached to a distal end of the intermediate flexure
zone with solder 130. The benefits of preferential deflection within a renal artery
have already been described.

[00177}] As also shown in Fig. 12D, a flat ribbon material 70 (e.g., Nitinol,
stainless steel, or spring stainless steel) can be attached to the third tubular
structure 62. When the pulling force is removed from the control wire 40, the flat
ribbon, which serves to reinforce the deflectable third tubular structure 62, will
straighten out the deflectable third tubular structure 62.

[00178] Further, a sheath 72 (see Figs. 12B, 12C, and 12D) or covering made
from an electrically insulating polymer material, as above described, and having a
desired durometer can also be placed over the outer diameter of the second tubular
structure 58 to impart the desired differentiation between the first and second tubular

structures 54 and 58.

[00179] In the embodiment of Figs. 12B-12D, the width of the spine 66 (i.e., the
radial arc length of the spine 66 at regions along the longitudinal axis of the third
tubular structure 62 that do not include ribs 68) affects the relative stiffness of the
third tubular structure 62. It should be understood that the width of the spine 66 may
be specified to provide the third tubular structure 62 with a desired relative stiffness.
Furthermore, the width of the spine 66 may vary along the longitudinal axis of the
third tubular structure 62, thereby providing the third tubular structure with a varying
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flexibility for the internediate flexure zone 34 can be obtai ned by
sel ection of constituent material or materials to provide a desired

el astic nodul us (expressed, e.g., in terns of a Young's Mdulus (E))
i ndi cati vevad20d/emsibi lity, as well as by sel ecting the RGHEIZPP6933hd
configuration of the internediate flexure zone 34, e.g., in ternms of

its interior dianmeter, outer dianmeter, wall thickness, and structural
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4. Di stal Fognwfeanlov, or rectangular, or flattened metal coil or polymer havmg segments

with different stiffnesses D1 and D2, in which D1>D2 (as shown in Fig. 13C). In
either arrangement, the segment having the lower stiffness D2 is oriented on the
third tubular structure 62 on the same side as the actuator wire is attached.

[00182]  Alternatively, as Figs. 14B and 14C show, the third tubular structure 62
can comprise an eccentric polymer or metal/polymer composite, which can be
braided or coiled. The third tubular structure 62 can also take the form of an
eccentric oval, or rectangular, or flattened metal coil or polymer (as Fig. 14C shows).



[00132] As Figs. 7A, 7B, 7C, and 7D show, the distal end region 20 of
t he el ongated shaft 16 can also include, distal to the internediate
flexure zone 34, a third or distal flexure zone 44. In this

ar rangenme MO 2084{@781%8ngt h L3 of the intermedi ate fl exur ePCHHERBUWHEY be
shortened by a length L4, which conprises the length of the distal
flexure zone 44. In this arrangenent, the thermal heating el enent 24
i s carri bueither@am@ngamest, the ehionestwall seamenta 6z(ers stiff) i arigritedon toaénird

the i st SECERS EPRER 8 oPHhaRERRERIS S5 U1 s M RS D S ove, the

distal flexure zone 44 is sized, configured, and has the nmechani cal
properties that dccoddisiabiflexerédianeonal flexure or bending,
i ndependent of the proximal flexure zone 32 and the internedi ate
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physician, flexure at the distal flexure zone occurs In response to
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tissue, thereby stabilizing the thérmal heating el enent 24.
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[00186] The configuration of the flexible structure 74 can vary. For example, in
the embodiment depicted in Figs. 15B and 15C, the flexible structure 74 comprises a
thread 104 encased in, or covered with, a polymer coating or wrapping 110. The
thread 104 is routed through a proximal anchor 108, which is attached to the distal
end of the intermediate flexure zone 34, and a distal anchor 106, which is fixed
within or integrated into the heating element 24/electrode 46. The distal anchor 106
may be fixed within the heating element 24/electrode 46 using, e.g., solder.
Alternatively, the distal anchor 106 and heating element 24/electrode 46 may
fabricated as a single piece or unitary structure.

[00187]  Although various types of materials can be used fo construct the
aforementioned structures, in order to have a flexible structure 74 that securely
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[ 00135] As Fig. 7A shows, the distal flexure zone 44 is desirably
sized and configured in length L4 to be less than length L3. This is
because, in terns of length, the distance required for orienting and
stabi | i zi ngvd hevdeesmal heating el ement 24 in contact WEHURIWEIIIHE
the renal artery is significantly less than the distance required for
radially deflecting the thermal heating elenment 24 within the renal
artery. | gosmsots enthedhieemediate @egirh zode Cdnarrk thestheomal keatiag @lgmantced, it

I n other enbodi nenis,. the | th L4 | :
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[ 00136] The mechani cal properties of di

L tal fl i 44 d
e T e pastns T8 G be topried i aey ohcats PSuS PG, anc
stiffnesspapd f-lket’hbéé'l!s&é’d ¢a8r Bgitte o8gIcRIbeshdmesE! it heedkiadiealior the
fl exure zgne 42 an be sized and configured to be |less stiff a

d,
} mpor tant Isructuespos sbe dleginbatstiuciurexhitpi by ancaned/reatericeyfredi by @ low-
exure z | i ] d i . nd
shown in %pgorﬁéﬁg E&?ﬁy%y@ é%'%gn \ egeﬁ%ﬂ*n}%tléil}(/). §§§§hc§Wﬁj|r\( FBY188, one or

_ nprise a proxi nal
flexure zomge3upphnwiras ediyatun Bloagside aowihBatheafexibledstaiciire 74. As

flexure zong skl miBubed HBe wirdl SLJTPbALE R hethl Rbafid¥idhtent 28-with
electrical current/energy from the generator 26 and also convey data signals
acquired by sensor 52. Also as previously mentioned and depicted in Fig. 15C, the
control wire 40 from the handle actuator 260 can be formed into the proximal anchor
108 and attached to the elongated shaft using solder 130.

[00188] One advantage of the above-described configuration of the flexible
structure 74 is that the fiexible structure 74 creates a region of electrical isolation
between the thermal heating element and the rest of the elongated shaft. Both the
Kevlar thread 104 and laminate 110 are electrically insulative, thereby providing the
supply wire(s) 29 as the sole means for electrical connectivity. Accordingly, the
external surface of the flexible structure 74 and distal flexure zone 44 is electrically
inactive.

[00189] As shown in Figs. 15D through 15F, the flexible structure 74 allows
considerable passive deflection of the distal flexure zone 44 when the thermal
heating element 24 is put into contact with the vessel wall. As already described,
this flexibility has several potential benefits. Optionally, the flexible structure 74 is
not very resilient, i.e., does not provide a significant restoring or straightening
moment when deflected. The size and configuration of the flexible structure 74
enables the thermal heating element to deflect in many directions because the distal
flexure zone may bend by angle © in any plane through the axis of the distal end
region. For treatments within a peripheral blood vessel such as the renal artery, it is
desirable that angle © < 90 degrees.

[00190] The thermal heating element 24 desirably may provide omni-directional
delivery of power in substantially any or all directions. As the distal flexure zone 44
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zones function independent from each other, so that the distal end
region 20 of the elongated shaft 16 can, in use, be placed into a
nore conpound, conplex, nulti-bend structure 36. The conpound,

conpl ex, MPROBBHE structure 36 conprises a proxinal HETUBWPYGA334
region at the access angle al over a length L2 (the proximal flexure
zone 32); an intermedi ate deflection region at the contact angle a2
over a | eaggively Jgfiests phteeiraatientesitd ekavle anoing!84) ; appmapriatdi tot algiven

defl ecti ; i -t h I h.L4

S o PRUGAY OBl Sob R0 TBRL BB BenlBind NP ylght BF may
st ruct ur be3Mignat lwitheay irteridr2wall8f thenknafl ared fat boaegdelver) to tardet @R
a3 can differ.oghi IS because the ggﬂrl,e al .and I%rj)%th L2 are .
speci al | JeQiese P'ond TPWHTRY (FEQVE Hegheiiring: B Pewendelyenn theepy redusing
respecti e rmiggadngt bt Sded o1 SMBliy beowa pridrehtial g uirﬁ%Rﬂ‘i {Me: §|§/§r%d

angle a2 and Tength L3 are spemngll si zed and confi dto a
t her mal REWET g Beefraet sanal| aervas et ivodld inaler ithe diztal flengiedgonaed4

renal ar Eﬁ&%’éira% dilver 299! gu8ar. angJRng i-'dﬂ“eé‘t'icfha?pﬁ%éﬂ Laeligé&e%m@gf
conflgure O optim ze surtace contact et ween | SsSue an thé’t her
heati ng ehielting/phwer directingf may dbdlitete sinfidérl 88kafee positipnsigt ef thentiehmaf

L2, L3 a L4 of th roxinal,. internediate a distal, flexure zones
respect i Bgﬂﬂg %lP"}elqugiagtaaﬁre tﬁﬁnpéﬁ?soﬁ% %Pp%?aﬂﬁ S\\?\Jeﬁ%dt?fede'feé:ﬁegq effnal
of the fhesting releraemts] ig10g. s @edrivan Fihtiag defehents n@iprizgingt e riibewseé or
heating el enent 24 (i.e., the conposite length equal to LI +L2+L3+L4
+ the | efRHPACHVE PRWEE BRYRRI heating el ement), specifies a working

| ength of the elongated shaft 16 of the treatnent device 12. In sone

repr esent®}iIt edblierative, emhpdimgnikifergtheedigtah fiexurgheone 44, ¢ flexible
about 12 | ed‘r‘ﬂﬁ%j é‘i"fkif'e e e
is used, éttr enre'lt Eﬁ?%ﬁﬁg{% Z(Snrg'%/%f may ([aéF:@tg;[Jt (5" %B%%%é%lguﬁﬁmmﬁr
| f, altemetalippbinger conmBosite Be rdg.ht SiliBblews aAlleenativelys ths Belxiblehstructure 74
wor ki n b 0 t ut | f 90 cm l,engt h
aui de carfinrel® FRoLB A hovdy of RSl o SRRt B SR To8 o
t? about F@lﬁg@gsh@/s. SIrZNgIt@ndtedéiinbbdigtmﬁé,ithé lg@f(ib@itrﬂ'dl@rrenm i g%dnlli‘;g'ise
El enent r Achi evjn ronmodul ation in na rtery . t IS
deai r abl 876 TELLEH AN EE of SySeTRIBPbADW e herBa cTaA 0 ARaRR 124 1)
spaced apRBgint di8edWict plahdBf ndvbmepl. FHCeXMRREL Meliible SPLdture 74 may
treat ment approach avoids the creation of a full-circle lesion,

t her eby FOMPUER P RNASRY b%éﬁ@@kﬁfgcmmnatiogk of
[00192] The flexible structure 74 as a part of the distal flexure zone can be
coupled to the intermediate flexure zone as describe above. Alternatively, in
embodiments that do not provide an intermediate flexure zone, the distal flexure
zone can be coupled to the proximal flexure zone. Still alternatively, the distal
flexure zone can be coupled to an intermediate section comprising an arch wire. For
example, Figs. 151 and 15J provide a catheter comprising a shaft 16 and a dista! end
region 20, wherein the distal end region 20 comprises an intermediate section 34, a
distal flexure zone 44 and a thermal heating element 24. Moare specifically, the
catheter may comprise an intermediate section comprising an arch wire 114, a distal
flexure zone comprising a flexible structure, and a thermal heating element
comprising an electrode 46, wherein the flexible structure is coupled to the arch wire

and electrode.



vessel stenosis, while still providing the opportunity to
circunferentially treat the renal plexus, which is distributed about
the renal artery. It is desirable for each Il esion to cover at | east
10% of thewcemsmedrssr cunf erence to increase the probabiRGEYS28§9/069334
affecting the renal plexus. However, it is inportant that each | esion
not be too large (e.g., > 60% of vessel circunference) |lest the risk
of a stenpo193pf f écthd Mexieks emnfioer ovrhprisemdesihelbl @ imepattngn electrically

h as thro t
Al 50,1 mpoP SR AR B AU BN Br 200 dnciser o B e Lauef shgan o0

into and heyopgdst h@ewﬂsmbacb%m be@rymfﬂ@ametmcmaam maewmmm
described in greater detail bel ow, ermal heatin 24 ma

t
del i ver edetesirigafly r'%&uﬁtmapﬁjefﬁtersmﬁéerﬁ‘tﬁhﬁ @%ﬂn?%%%?te%ﬁ 5599 BORSY g?%t
the ther ”319? F&P‘?ureﬁwe?ér%?f'éx@ﬁltxb?tr@ﬁéﬁlbleqﬁ’é’mbé\' @t 261 tyvBED).an

|nter|or artery treating the renal plexus (see Fig.

del 1 ver el 2 ne PARIIALP " MBI, “r S PRLARY, HRlend e A iene

del i vered Ing el enent to create a first
| esi on at terhplssthfaiatest(PEﬂ'QaPa’ean solywethane; RirgthameDearbpiearte; rteeothgaey low

comp ot ol g2k Nupavehiiere dGRPENeATEoSs BRcedrtfiflorSy BB SThe potymer

IO:c anﬁ or eiAA85al L2htbeoanmiedtaa) dlp@ohmi \wptdy-coatéd) drivthéroseg demtisitad/apRiied
of the arter

f J esion do end all .
Sy aroanavenbedladtlablehin b Aleaskedep i Sdbe FhERT Reterhl B
is a di SCFEWE U B&tidp ?@cﬂ'%b@ﬂ@ﬂie hbgibR seudiier mcmlw‘rnétw@|yartherfbexibne
the radia | ane of the first treatnent zone normal to

| ongi t udi slilCase J4cran b infierent)y, insgiziedh)a0d Bpt fesirgL3 5ﬁp%’@t€t RRegtn 3G or
focal lesigp, tF*b? ibhitle, [the gﬁ:ﬂ% feter 65?1‘3@%] Eﬁéﬁ"‘h pHiFhENEoARLE B8N

24 may be angulfarly rep S|t|one tive to the renal artery (see
Figs. 19Ewamd 19F). This angul ar repositioning nmay be achi eved, for
exanpl e, by angularly rotating the elongated shaft 16 of treatnent

device 12 via handée aﬁi @i é;ﬁf?glle(rsee Fig. 16A). In addition to

angul ar repositioning heating el enent 24, the thermal

heat i ng ehﬁ%} TBYs BRI rogp@%élfs's%qgte?ln‘?gﬁeét%iedlaﬁlﬂgtt%“o%@lr%le o rotate the

| ongi t udi mensi on O e renal art see
| ongi t udi nieViceayithin tHeorinabarery diter duhirevend) héafingeslamentis ipycontact with the

translatin ated shaft,_16 0

assenbl y 2’%5 nan’gi ﬂ%@”%ceéu n@gf%ergumét?{sgﬁ é“%ﬁ%ngggr{'lrdgfﬁ %\%\)'%{'h%aé%gﬁg%er
reposi ti onbneta@d thdhentrbeiamile Begdrnbly ! thognoxidvdl eh@@mﬂe} Bepioej paminuladgy
the thermal heating elenent 24 in both the |ongitudinal.and angul art

di mensi on@fNbedi ‘[%ﬁés'PH%rqfréhe FRAA! i 3Rg e mdfh o1 ﬁeﬁ@ﬁ?&@ 1quefrﬁ>oﬂngn as

interior wablynoh P-HB@ 1ERANRAEB! YheAbrokirh B Rdl of tRatshBAt 165id Eolisled to the
treating the renal “pl exus

handle assembly 200 by a rotator 230.

[00196] The rotator 230 is mounted by a tab 84 (see Fig. 16B) carred in a
circumferential channel 86 formed on the distal end of the handle assembly 200.
The rotator 230 can thus be rotated at the distal end of the handle assembly 200
independent of rotation of the handle assembly 200.

[00197] The proximal end of the force transmitting section 30 is attached to a
stationary coupling 88 on the rotator 230. Rotation of the rotator 230 (as Fig. 16A
shows) thereby rotates the force transmitting section 30, and, with it, the entire
elongated shaft 16, without rotation of the handie assembly 200. As Fig. 16A
shows, a caregiver is thereby able to hold the proximal portion of the handle
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(see Fig. 19E). Energy then may be delivered via the thermal heating
el ement to forma second focal lesion at this second treatnent site,
thereby creating a second treatnent zone and a second untreated zone
(see Fig. MOM0OPBEH142] As with the first treatnment zonBCHUSRI%LIBY
the first focal |esion, the second treatnent zone is not continuous
about the conplete ci rcunference of the renal artery. However, the
first an@ssembd?Q0 exiaiiendly akananasn weel hand ehd, withstheasams ec atiierent

untreate K [ 0 e
anot hor - Ao v F16TsREHoR 4 BRIoRR SIS HRle Bt bRG Rl SRR P s
artery, pbopetts ac&djato( rerentditteadiBG cceSsrefar eposolieg ddilecfion.st and
second treatnent zones, which are positioned along different

cr oss- sefui193p OrSme@lltlaérepbl@nesblei dritewireg auinaingefrym GeObANdle CRIRBRbIY
Cross-se r}b% h ﬁ athco Qsite treatnent zope that covers a

gr eat er B'lﬂ phafpfc G éhBe HURIRB Wireisable; gigstisal fgnsmission
treat ”Enbvlré?)ethbﬂﬂbaddﬂ@wré(s)'&étct) hit & c?é%rFBBﬁa' to&intif RRATRNGS t ?Qﬁaﬁ gelﬂ‘?\ye

cont i nuous formed frommuitiple, longitudinally an

angul ar | {P HiRsCevires dntongett t%@m@)unne@eswxemwg&mmtaanca tyistiag of these
t h t t
Feduced ATk are\EEU ARy Rindddin@ did b 15, TRE, 566 2Bkl

focal | efidingosermennip addresmtmaheedi mmmls emtm‘dlrhblet e motatel 230 includes

circunference at a s | e ,treat at _a singl X
engt i 86 3564 Btod b B b 2 Rrfon e it oty OB comries a
ar tery) . fifing idieHebe 198 rmrnq adianbmomdnnbmam I@@emn@zr@m&%ﬁ StaRflesy
one or nore additional ularly and | ongitudinally aced treat ment

i tes t oSepkai aPERIIEIAbRER PRNGRATAS PIRCEAVINEH I NGl eTBoerk@eap that i,
treat .”enhrg&r? RR&tidrPEEthE! ra%toﬂﬂﬁ)ﬂﬁ?rlﬁb}taﬁébu%gﬂré\%? Wﬁﬁ’\h@ﬂeﬁ@al channel 120
0 tion of the treéatnent

enbodi nent, superi nposition or a por
zones pr olihecliiting ivenacs 18 endatongnthezaxia groawe il $6 0bthecmiatonudVisen the

(i.e., t I t i di ipn.

Fongi 1 ucbaki 245PAHES ot Bof 2o SFm TRl HBols, T BefiiaPha tonger grove
ci r cunf eaedytdoabequertly, thehatatsrubil nabbe ableytoestatmday Alrther rethadlirédtiound
the circunference of the renal artery over a | engthw se segnent of

the arte[gongoyhi srh@umaatbrrmsedwd headieefitting omerfbenatgcéa by dﬂﬂﬂ?uﬂé@t to
Ccreate a onttj us cjircunferenti aI | esj on al ong any i ndivi dua
radial pf! 8F 18foSRiINed: NHBYPeh RfrEgvaltEionge OéirEh@r phathn gennilfusteeR) cer

a risk oa.n?eqﬁma%oﬁsaﬁa@mgt(@powe s) OBt dopiborept OMPRTREhdl Passembly may

circunferential treatnents hat C eate a continuous circunterent
| esi on. peGeAUguled. 5@ 6llow dof kveravolltions eithe shathyndependent of

DO o PROCAAOE Lty SrRTEREh o i ShEEHLyARHAGl rumber of
revolutions may be achieved, for example, by specifying the linear length of the
helical channel 120 as a desired fraction or multiple of the inner circumference of the
rotator 230 in the vicinity of the axial groove 116 (e.g., the linear iength of helical
channel 120 may be about twice the inner circumference of rotator 230 in the vicinity
of axial groove 116). Additionally or alternatively, an additional ball 122 (not shown)
may be positioned within the axial groove 116 spaced apart from the first ball 122,
such that the additional ball travels within the helical channel 120 spaced apart from
the first ball. In such an embodiment, the additional ball would limit rotation in one
direction when that ball reaches one end of the channel, while the first ball would
limit rotation in the other direction when that ball reaches the other end of the
channel. In this manner, the two balls would limit rotation of the rotator to an arc
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preferentially affect anatom cal structures that substantially
propagate al ong the | engthw se di nension of the artery. Such

anatom cal structures can be neural fibers and/or structures that
support thevomemvedsifsi bers (e.g., the renal plexus). FurP@EYRRIEIBECH
non-conti nuous circunferential treatnment may mitigate or reduce
potentially undesirable effects induced in structures that propagate
about t he |@yiless tHamevasidothetwisbdegurbeided bl liasasiengthhoialichlechannel
cells. a continuous circunferential lesion alternatively to be

f or ned, Hé angul ar or circunferential orientation of the snmooth

I || I t th t k of
"ate ot ondF290T] Ochs e besn dqaciifed aRE WUH A EPBrn'<dnr Aot Jefbney
(e. 9., mulitapkaahs @G@eé‘sorthe%errégwnéén rﬁymbulaﬁe itthe FapdlebBssambly i 200e to
non-conti nuous circunferential treatnent zones can be .created duri e%al

a single deadteths dlﬁtaé@éﬁﬁﬁglow aqquh@rﬁom%{aqi Sﬁﬁ‘fttétsyw'thméh%{ﬁstpﬁﬁﬁ“@ r
t her mal ‘r’]a"?ﬁtewg g%? lﬂ?er?Bﬁ&%ﬁa ﬂ'ﬁ'éj]gl:f&%ﬂ)tr%osw Iind 'Héhdlbh@é‘seﬂ{tﬂy

| ongi t udi y spaced apart from one another and such
t hat they 200daee Figo ri@vﬂt) m@idaﬁecttyhefcherertal hadtinghglemant 24 @pputE@ igiermediate

of fset tr atrrent zones tract.i 0 t

device 12 '@éwer é?ﬂjes B'g i oxﬁgﬁé’" %é&nﬁﬁpﬂg‘gﬂ %ﬁé}a?‘lgetﬁ%néeﬁ?oé%ftgﬁﬁﬂ% handle
addi t i onalaskempiyt @dd n@kekyFiged 1@Agahdr ﬂtS'D)Set@aapni)ech rotatiomad nforemradang the
thereby allow ng the practitioner th lity ¢ te multi. .
treat ment %‘B’W@éeg 'Faféﬁﬁhe e rﬁ?ﬁ‘&%ﬁéﬁ? é‘f‘e&éﬂ%{ ?63@%&‘? gﬁggdtate
via only tﬂészuf‘eaics}?é en t@'o%‘ﬂ@ﬂ%@t@rthrhQﬂé%bbé‘ctﬁ@ff%nélnmrf@tﬁtés thérghermal
distal end region 20 of the treatnent device 12 may conprise

hel i cal déTeadiog eieroomt 24uviENn &ie FIPRCHYR (¢17! @riensr l\"”ﬁéta???'iﬁr to achieve
el ement s %ﬂaftc't AAdnehesg! NG lérﬁﬁ@ét@r M\Be\}@hétﬁéﬂ &b%‘%%é!%drﬁ@cthﬁéﬂtléalbrly

defl ected confrguratron wthin a rena artery, the multiple thernmal
heati ng eliepiames wherertherbds mmqura@uwwehﬂatiam y along the

| ongi tudi nal length of the distal end region in contact with the wall
of the art[00201]l n breagdibonkl mspest ofdhe drscosad itethoelogyi thednsiteassembly

t r eat nent be achi eved ,via .a. Sin het er

angul ar or%@y tbﬁtﬁoﬁﬁ UrEd A8 L igAy ﬂaergfor% ée%}’%'ﬁ*aq%%ﬁﬁ@% teh\g c?)eﬂf? while it
[00147] As idestir tmgoa(t@nd as driogvn, 8 etensly, int g, t 6By wmeFig heBahddn F|g 24,
elenent 24 is sized and confi ured in use, to contact gg hnte ?

wal | of tHBerhandie ggsesplly glse tc:ﬁglprlses one or more surfaces 243 that substantially

conform to the surface beneath (e.g., operating table). This surface 243, which is
shown to be substantially flat in Fig. 16D, can aitematively be curved, shaped or
angled depending on the configuration and/or geometry of the beneath surface. The
conforming surface 243 enables the clinical operator to keep the handle assembly
200 stable when the treatment device 12 is within the patient. In order to rotate the
device when it is inside the patient, the operator can simply diai the rotator 230
without any need to lift the handle assembly. When the operator desires to refract
the device for subsequent treatments, the operator can simply slide the handle
assembly along the beneath surface to the next position. Again, this mitigates the
risk of injury due to operator error or over handling of the treatment device.
Additionally or alternatively, the lower surface can engage the surface underneath

using clips, texture, adhesive, etc.

[00202] Additional enhancements to the rotation mechanism disclosed herein
include providing tactile and/or visual feedback on the rotational fitting so that the
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illustrated enbodi nent (see Fig. 8A), the thermal heating el enent 24
takes the formof an electrode 46 sized and configured to apply an
electrical field conprising radiofrequency (RF) energy fromthe
gener at or W&241¢0B1{Pessel wall. In the illustrated enbo8FHEAI009/469334

el ectrode 46 is operated in a nonopolar or unipolar node. In this
arrangenent, a return path for the applied RF electric fieldis

est abl | s/eBgrater gan exercise eseatarrmantial spdrosrs én eotating e deviee. sheweator

al so cal lg fif.e et

nonopol ar apé#}? cé\% obfr(Ie (%?I%El'—ﬁef Iéré:élc th?ﬁHﬁgﬁ%F e’y @3{?@93)??‘6%% &PF{,
or resi strotatidy, ihdlze operatarewishes Vma heldcthei trgatafent keviek die tar particdlGr affbalar
appllcatlon .of theRFeIetrlc fiel e Lnjures tisspye. The

£ T bat nen PSP e ATOLT A ER RGeS ERs ke, along
necrosi s thd bieafBhndie tadsainbRNto0Enat dé BPdratdt tohgadedigrhed vﬂﬂaw n%'tractmg
fibers. The thermal injury forns a lesion in the vessel wall, ch

i s shownhe&trgatmentdeyige. 9B, [00148] The active surface area of cont act
(ASA) between the thermal heating elenment 24 or el ectrode 46 and the

vessel wall hgs gs&dindbRépresenativd IEentfefdfméme NaPPRXGRNYHAE c%fm M8s a
transfer of a tharagblee@rEXIEdt across e vessel wa
thermally affect Targeéted neural T1bers |n the renal pl exus (RP) The

active s ﬁsm@@ args. Of74 aﬁd ey SRdw féeﬁébfé%nﬁitﬁﬂ%?ﬁ%e m%ﬁfioﬁéﬁ%ﬁdr@%?ed

46 is defined as t energy transmtting area of el enent
el ect r odehafg 161bat Ia@!hdﬁﬁeamr@ﬂwl forice Hanmﬁ@gcmﬂhaat?’oagmmal ftexgrzone

T h

w1 "y S5y Biéifledh MoKl e 3EL R aRAGH Rk PR ZBRE 4 I lie BrbBpEfent,
bet ween thematerials sira) addecmmgumlonWamermomthMe ttemarmeiting ceetién 69,
excessi v%r heat ener ation,,.at thi feérﬁnterf 3<ce55| ve h

1
X ere wBradft, M 2p00 e et nRuBhEls J6%uss HouR 4 85 ButBaritl 15 THe
lead to wngestivebdihtémarsalseibarug teé faidﬂ@ept@@ésﬂhtm@eédwboduﬁweﬁddl tion to

potentially causing stenotic injury, this undesirable thernmal danage

can causgyg20asue i ehisCEMbbAMdrt; RowedaYIsE fidtaMiexidié %néeﬂﬂ%e&zébeand

t hermal conductivity of the tissue, t her eby potenti al 3/ creating
| esi on t ReRfiqused & itselbperyR ascart aaiiMe. ﬂﬁélbkee@lsgtrodq Berle. digwetari thtel @twe

cont act ﬁ@ia%‘%egllgwgd% Ry Eaélz&?a%rfdng% ?@d“to"ﬂéldfew@he @?" eatdl thdBihe

result in superticral heatin sel creating a
| esi on t ndgrmeagiate oflexuwé |zofe. @4 Thﬁd%ad)fsuvfessearealT%Alrﬁfelrhenacetyvearﬂdkrbre

Lhor oo BBt SR Bt hifaREh. 48 Rl haSS B AR buRlcd Bfea of e

| esi ons efectledé nald mcrazmedasdvalept h, the ratio between the active
surface area (ASA) and total surface area (TSA) of the thernmal

heati ng ?)cmmspt Kis@nel teb anbhgaiaedt themirs ferigief faiotivd |ﬂé><|6@°eléélro'6@°~

ratio influences |esion formation in two ways: (1) the degree of

resi sti v80nehgremdhgi fexibility properties of the distal flexure zone 44, as previously
described. Materials are selected that, in addition to imparting the desired flexibility,
are electrically conductive as well. The active electrode 90 is thereby flexible enough
along its entire length to conform closely against the vessel wall, thereby further
increasing the possible active surface area of the electrode. The active flexibie
electrode 80 may also more readily deflect away from the vessel wall when engaging
the vessel wall head-on, to thereby minimize the forces exerted against the vessel
wall as the electrode 90 is placed into side-on relationship with the vessel wall. The

active, flexible electrode 90 can thereby be considered more atraumatic.



the electric field, and (2) the effects of blood flow or other
convective cooling el enments such as injected saline. As discussed
above, the RF electric field causes |lesion formation via resistive
heati ng of wo sswuersesposed to the electric field. The hiRFREPSOHPHRIA
to TSAratio (i.e., the greater the contact between the el ectrode and
tissue), the greater the resistive heating. As discussed in greater
detai | be[@ozo6] he Al tow |0[hsttdt@ubd>nmmhmehe tbe partivel, ﬂmmlnleoeiecifoctaweo further

el ectrode TSA - s conductive and co C f
the el ect fd gigadly Wﬁ%‘iﬁfp@a‘x ﬁ%ﬂ"%@(g'&t is WRPTRY @ tg ﬁ)é&gé tﬁ@%t rom t'ﬁ end
interfacegshghyeas. t fmeV@ﬁds %hrfﬂ@é lagapgh eJeetirmedefrorhf mtetm maitenalsoby ASer,
to TSA is too high (e 0%, resistive heatlnsg| of et| ? d
be too agéeustveMEdng. ﬁbmaéhBLﬁEHGEQ@8§§StEE?ﬁﬁp Ff@?%) |C§n 5 orme
carried a Vigrtiea NREat hidind tedhm L@@sed
potenti al \ﬁ@‘nr ?@%hﬁa‘ﬁ'dﬁ\?ﬁ g)é,sﬁﬁﬁ?olﬁbus goggrsratl on andﬁgndesﬁ abl e

| esion size. |If the ratlo of ASAto TSAis too low (e.g., 109
there is too |Ctt|EiidesRepiasentative i fnbadimest distghligiie ¢

superficial heati rduksientiatalS serieaid\c lM%E'QﬁR@ﬂeI esi ons. [00150] Varl ous
size constraints for the thermal heating elenment 24 may be inp ?
for clini 89207 asdrigsbiBA medish ﬁW@e@W%ﬁPnéﬁtWér%’iﬂéﬁ@"@ﬂt Pﬁ@” ngated

cat het er, 1 )?ﬂ?ﬂv)(%l thaﬁﬁﬁlweg errﬁktﬁedl fd}ge gﬂﬁ&ﬂm(ng?%e& Bk §Oegﬁ3xnﬁéFﬁéxYJre zone

itsel f. cal’l or cross-sectional
di mensi on 3f20rarmioa mtemnﬂcbatecﬂ@mse saniei 34) aofl ahdistel dexwredgons 44. In this

O o csadine e MR i RR A B G aBp PR ok BRR IHeRlrehBfitting

di anet er s settidrhe3d, opeirhalafexaret zoge sw;t bnd iﬁﬂarmdlaha: ofiéxved , zone 34 are
internediate and distal flexure zones

d 44
(desi r abl PPMREEDIE 4 K16 ISP SRR FOHN P 3 i tgﬁé‘fé%ngfse{:ﬁr 8?@83\’%‘3@5

[00151]In a re resent ative enbodi nent shown i . , eI ectrode
46 takes HAB29&r m Br this remj:mdlrewtcmoweve9|thﬁda$tarﬂgk§£@s%q 4 f Sirgdhand

L5 that I g 8%@&’1‘& hts%bgiaﬁﬂ?ﬁ)ﬁrs%hérﬁt%i ek %9ﬁﬁd?lé§l é@txvfeuélbbl%de 92 at a

deS|rany|nc es a di'stal region t is rounded form an
at raumat i doeatignsupfeapwxiraallyl W&CISQ ff@pr’@s@'ﬁt%@ﬂde'%ﬂ?@o@ﬂ#@ﬁtm%’ﬁom figtal

Fig. 88, tj}r%g%l S5 4Snahs tﬁeSﬂBP‘BE:Ifg??%ar’taEteﬁgﬁ&eof tﬁ@%né@hﬁéﬁu?@lzoﬁ@@l@eas

too, pres an atralnatic sur Ssle Interfa
[ 00152] As prbdpusly riektrdsed. 84 diamet8B, deEBI%.ﬂ@IbG:ilﬂtﬁl ﬁmwre engehMLlas sited Aed

-?—IS,SA:[ g:c IL?&%E‘H@ t?q,gvdé %rfagro%(prﬁgt'e?yl le)éuaf %o the mtermed a%' r{?e% @'2/0?1% %Qe In
diameter, the spherical active electrode 92 is sized to be larger than the diameter of
the distal flexure zone 44. Therefore, flexure of the distal flexure zone 44 can place
the spherical electrode 92 into contact with a greater tissue area, thereby increasing
the active surface area (ASA) of the electrode.

[00209] In the illustrated embodiment, the distal flexure zone 44 desirably
includes a distal region that is tapered to form a blunt, atraumatic end surface 48.
The end surface 48 can be formed from metal materials by laser, resistive welding,
or machining techniques. The end surface 48 can also be formed from polymer
materials by bonding, lamination, or insert molding techniques.

[00210] The spherical electrode 92 can be attached to the distal flexure zone 44
e.g., by spot welding, iaser welding, or soldering techniques. The placement of the
spherical electrode 92 along the length of the distal flexure zone 44 can vary. It can
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el ectrode, to optim ze an active surface area of contact between
tissue and the respective electrode 46 (ASA). The angle a3 and the
|l ength L4 of the distal flexure zone 44 nmake it possible to desirably
lay at | eX4@2H0ATBHB quadrant 50 of the el ectrode 46 agBCHIB2009/8985d
(see Fig. 8C), though it should be understood that the el ectrode 46
does not necessarily need to be positioned with its side quadrant 50
agai nst tbeﬁa@qoe;g;rmttbe@@mmxlrd@uel nigrrggionrofdhe distal flewurat sone 44, or closer

enbodi ne’rgé%etagtag rtnd Mw%nstHéf r%jA%f VLZEQ“F%@GM rode 46 contacting

tissue ( can Dbe expres and ASA 5 0.50 TSA.

[ 00153] An ASA to TSA ratio of over 50% may be effective with a
reduced péwer Udelof ther Sygiewfi le. Alternatively, a higher ASA to TSA
ratio can be conpensated for by increasing the convective cooling of

the el ectrodeat ha& ré\?aﬁﬁpa?sé |I\{) bl[fé?@cflérp%nda‘sijlgééﬁ%'rﬁsgg thld" riSlment

bel ow, this coul I eve y injecting coolin such as
chilled saline o e el ectrode and into the bl ood stream

ones sal00E ;" EE SR oo BRC Brleclrihup o T B fnfbrE b eS B2 lestiibed

st abi | i zhecpit ocare Hehadeligeredt | mas d h@u@é ewtre odsing 6convestitisdlaoverathbywire
t W th . L1 ti bili

5o 1 nf FreRcLes: MhemaslifeRR nafis B an (ol MWD Ty SeSREL e 16

heating glcritRata p’)ass%ﬁg o{rmé‘sécécﬁnﬁisaarrg b&3sagWior B diliARE.

stabilizing force heati ng enment has nore wall contact

and W t hideap}st aidrhdtivey;, faﬂS/f‘cfhe d)fefﬁé tVé%'trheﬁP@é\ﬂ@és 13 dasky tﬁe\ﬁel‘i’erem can
Addltlonal advant ages of 't he” stabi | ;ﬁgﬁforce I nclude, (1) softening

t he cont Getdepiyed L@mg/v@éwnve@muahgwne eler emprevasvesl renal Guide catheter
mnimzegyi sk of mechanical injury to vessel wall, (2) consistent
positioning of the electrode 46 flat against the vessel wal |, and (3)

stabiliz r i Y e T
Lo LR SRR A°0008, Sthabbou PRl iRl ab e 19
t he el ecexpobed and evabvekhtdd amtooritazet of\/\nrfehfetrﬂmawaidngle[ O&h’@]céaventuona!
previ ousg di scuss?d for clinical reasons, rr¥
chniques.” In 'one exemplary approach, a gu1 e wire l hown? is inserted
through the access site and passed using image guidance through the femoral
artery, into the iliac artery and aorta, and into either the left or right renal artery. A
guide catheter can be passed over the guide wire into the accessed renal artery.
The guide wire is then removed. Alternatively, a renal guide catheter (shown in Fig.
19A), which is specifically shaped and configured to access a renal artery, can be
used to avoid using a guide wire. Still alternatively, the treatment device can be
routed from the femoral artery to the renal artery using angiographic guidance and

without the need of a guide catheter.

f00214] When a guide catheter is used, at least three delivery approaches can
be implemented. [n one exemplary approach, one or more of the aforementioned
delivery techniques can be used to position a guide catheter within the renal artery
just distal to the entrance of the renal artery. The treatment device is then routed via
the guide catheter into the renatl artery. Once the treatment device is properly
positioned within the renal artery, the guide catheter is retracted from the renal artery
into the abdominal aorta. In this approach, the quide catheter should be sized and



di aneter (or cross-sectional dinmension) of the electrode 46 is

constrai ned by the maxi muminner dianeter of the guide catheter

t hrough which the elongated shaft 16 is to be passed through the

i nt ravascukay2opdrkizdi4. Assum ng that an 8 French gui de REAVER3008/069334

(which has an inner dianeter of approximately 0.091 inches) is, from
a clinical perspective, the largest desired catheter to be used to

access t heorifRjuedd wtaeemnmﬂdtabbmgmgof tite @ealessvrdevice. cFoneaameple, a 6

t ol erances betwee e el ectyode 6 and the guide catheter, the

maxi mum dFf au ﬂ%t%?%&?(yaﬁ 46 is constrained to about 0.085

inches. In the event a 6 French guide ca het r s use

8 French 0248 catlhé: s§cond rxemMArY Apar ﬁleglé'pe ﬂ'iqji%r 5] @%‘ﬁ 6%9
46 i s conghirgReEk the raha UrtdPy Qofh oP WitRsut é Qukib&mﬁé/)em s8céndrg@ioe leatheter

gui de catheter is used, then maxi num di ameter of the electrode 46 is

const r ai nisdpassedbiuthedirebguifie catetersndtaPr u’%’ﬁ’ui Hesessigiares &f aoyidgngire)
the af or e[}:ﬁgtthgr}gﬁa;p% Sﬁhé \{%@(m&ﬁ’ﬂ“aéﬂgé JtB@ Vi 85d lsREend Quide

desi rabl y has a raXi mJ aneter o roma out 0. 049 to about
0. 051 |ncba|$|eteThatoetlmctedejeart«e6y al @nceldise trblyettadedcariihipreraryupesitioned

di anet er about 0.0 ches to [

eai on si 2Ny Regsna s dimaned Gl eP et dneChibe BAnT e ikt auige

Fgga 13 g]g Vﬁblgum@tﬁr #4he Lﬁﬂa}fahwm &hd eargil fart@h& alhothis bﬁpmacb tabdinst ahcheecond
ile it may be pa e to provide a catheter aratus or

evi ce. haGiiig FAiNeH Shaiade saes Al Griies R egovBmoRB s Parsbechiine

of the apB%Méutdétcatr&t&%iﬂﬁlﬁt}hé ﬁﬁrguﬁd‘@cﬁtﬁb@t(ﬁé & @indt dismeter of the

described hereih to have only a single el ectrode at or proxi mate to

the di st afirssrgyideTprihetessBodldves greateatgnstharuier dirfgie %ﬁ tbetse5aRd quide
apparatus . gvgop lekﬁ'r'ng%l R G uﬁd’é‘ﬁ%ﬂn@f@'cogﬂqﬁé Igt Pre‘?x\éﬁrm @ize and the

rrultlpleeectr de a tus. For earrp as 1 ndicated below, an

el ect r ode secdrid @Jldelcametmlcpulcbbegé Feendroioesizer ea nmay create | arger,

nore effective | esions via increased energy delivery and hi gher power
si nce bl o@ﬁhﬂla])w dara thirg emayplwcmmoduﬁatandm gfdvetin Kigl §98palrenalguide

of “the el Ga{RUEA § FEaferRa i B TRETHAA & BhopapEeHe ghRghiSer

catheter thy patah anBhe hAL howekrekri aflEig. stoBe the eeetinerttdempel lae described
difficult for a multiple electrode ap ar at us t(i]have el ectrodes
I

are as | ahgEeinds Eagﬁ%‘lhéoqﬂrb@ler Gide g8 W % apgdjintgihe Gecesred ﬁﬂﬁt 3&%
since the1g6088h Shkl Bards bhaumutit iRksag! BrbLGH 8% WldedchiRMer 199, in

take i nto accoun %I aneter o the apparat us sﬁgft Attenpts to
desi gn an rammsattustIWaelamlladult@utIm dorsp deansoHiEsg tsestion 3@i thraughl the handle

approach t i e ¢
wpect od FOPTEVRIE 3hEorarh) TR eCadle i Bodats ShfiBen b 8
el ectr ode thae [megemreﬁthe lreamg;hlt senal rcteaas endtddrartesgain entriéntaphe reangstive
whi ch may romse th del.} ver b|| t arat us,
but al so |I%g?%rz¥@3 Fei hﬁ?‘tﬂ*ﬁ‘?@w%‘:ﬁ‘} 8@Bbaigig|gs%égﬁggignpl e, a
cat heter tus t too st be a
si gni fi cai&%@ d t/h% 9 é@@é’%ﬂ{'ﬂet '8@@@8 he’f“érﬁaqon&r:%‘gpﬁ%ﬁﬁq%ﬁnd
abdom nal mefidrRef tHaQkIdRd4ted BRETIORCTANTZ0BE %&%W%a[n-@wmbtth@méspemve
delivery to and through a tortuous bl ood vessel, such as
renal artery, remotely deflected and/or rotated in a controiled fashlon within the
respective renal artery to attain proximity to and a desired alignment with an interior
wall of the respective renal artery. As Fig. 19C further shows, the distal flexure zone
44 bends to place the thermal energy heating element into contact with tissue on the

interior wall.

[00218] As Fig. 19D shows, the complex, multi-bend structure formed by the
proximal, intermediate and distal zones 32, 24, and 44 of the distal end region 20 of
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renal artery, be difficult with a multiple el ectrode apparatus, but
pl acement and use within a tortuous bl ood vessel may al so be
chal I engi ng. Since vascul ar anatony may vary significantly because of
t ort uosi t WHd/9WESunpr edi ct abl e | ocati on of vessel brBEBHEH0HIEH34
vessel disease (e.g., atherosclerosis) successful delivery and

pl acenent of an apparatus can be very conplicated with multiple

el ectr odéhe elgatacosbaft y16 crealigr lad corsistenly add freliatiet adtiveesigtace preapef

vessel - whangct Peulien.FerergeEiea HuleaF 245 PSuERTLRNY s teskrtive
sof t war erarall bdehe(r@fevbhcipEﬂFlgnacp n’ﬂihammteﬁérgyocamw»ebe apied Hrotdresee
i ssues, cost, of the systemand i

conpl exi hﬁf?ﬂaflhﬁﬁb q?ns‘lgpéggeto nducggpre @re@pf%a@erg@gp%nag gifRats 0

that desgichhad ﬂé@fo%'s'bf'ﬁ‘@é’ué’ﬁloﬁ?rtﬁe s eéﬁuevenm%@ mul tiple el ectrode
apparatus, particularly in torfuous bl ood vessels where there is a

hi gh degreeo m c varlablllt ing Energy to Tissue Via
t he Ther nal I-% ;}a@&?‘ﬁt@nﬁﬁ”ta‘f@@% FﬁéﬁfséAfW@é back to Fig. 5, in the

illust ra@% gr‘oodl ment , P enerat or 26 ma F to the electraode

46 a pul c it PRYIMSVREESOrBed r the actualp h@‘oe@ﬁ@ WEsh ¢ Hasledlect
del i veryyff mfg?n'%@?étg)ﬂekﬁred \d 88l dipd P@sng@glthégférﬁﬁj Abatifte elERherf A &Y

in pulses may allow the ap catlono r tiv I gher “ener gy
| evel s (eorjact withyier vessalewall. Tblﬁgeparcslculeriwseful wbealtheldtséahe@d regions20

and’ or. b8t ! neaMarp ob6le! £ KAARENLR TS ARRlerBPUEBNDdM! ALl Ao A6 A8H

Pul sed energ he use
[ 00159] TDeettdmmT&hrve tred aybycameent lnd thmmriabgmdea:amect@mzt ahd edentiation of the

exampl e, via data collecte th one, or era re._sensqrs
Conor et RS, 124 T Hioliiishe TeGio8 308 fhseiemtiient hdes & i et ne
sensors, a%mhstcﬂlie §l§t§é‘r@ﬁ'5regfoh0&\f ﬁfénﬁ@és%l v@neWhéﬁlrrﬁeae%sed)rnt@tthérrenal
sensors 52 (see Fig whi ch be incorporated into or on

el ect r odanerg, ap Shﬁ)'VBrin ag- a'l:%ﬁ"rt %a@e&ﬁﬂh@n@if%'@m iResifienfdoat the. most
Addi tiongiclay (RticH bt ﬁ'rénalvéﬁérﬁgrlﬁé‘ﬂoﬁﬁ%ﬁﬁnﬁ%s G %o é’rﬁt@ﬁnécﬂat

acquire data corresponding to the t i ng e enent, vVesse
wal | andflexure henbl%oda tne)actugtcmc%ﬁste poséionbe rﬂm&rmaeaiﬁ@g eleeram 24 iftor

o ot cr@ip D Ind L, WA AR BRI, e ool B SBPRA T ERE iy B
ot her padéfectibntoi¢thd neahriseiidte dexmezonaaff%t?tﬂ?f@fﬁza“d?}t%?mr@dwges

noni t or ed prlorprfﬁg si mul t ane XS Wltg Iy
energy oY@ hepdisiileleyis f08eot4eRefiYiziRAIPreR Hefwegn dhe themrinhealingd
data mayelament 24 érﬂj dedseedlaal doampnithe IREAMRI He@RRY %ﬁerﬁ@rﬂrlﬁ%ntaﬁ:t Gith

to determ ne whether to continue or st op treatnent, and

facilitathe vessel walledThfePPo@ter ean then w@faé@év@atraentretdim@ege ﬁéy inderier
longer  of,%BAY) i6catiBH R FElk tHa&FHent device as shown in Fig. 19E for an alternate

treatment location.

[00220] The active deflection of intermediate flexure zone 34 is facilitated by not
only operation of actuator 260, but also contact between a proximal region of the
intermediate flexure zone 34 and a superior region of the renal artery. As shown in
Fig. 19C, this contact region 124 generally occurs at the apex of the bend of the
intermediate flexure zone 34. This contact region 124 is in radial or angular
opposition (e.g., about 180° offset about the vessel wall) to the contact between the
thermal heating element 24 and vessel wall following deflection of the intermediate
flexure zone 34. The stabilizing force provided by the intermediate flexure zone 34
to the thermal heating element 24 is also facilitated by the opposing force at contact
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[ 00160] Non-target tissue may be protected by blood flow (F) within
the respective renal artery as a conductive and/or convective heat
sink that carries away excess thermal energy. For exanple (as Figs.
9A and 9B sttowgersitace bl ood flow (F) is not bl ocked byPGTHES280984%a¢ ed
shaft 16 and the electrode 46 it carries, the native circulation of

bl ood in the respective renal artery serves to renove excess thernmal
energy fr aégubdneZMOEvéraMeh thé eperatamdtatéstheeratmenhdavideniy aiceméenentially

The renoval of e St | ood fl.0

t r eat ment EEROSIIRNGR ?h B\fagﬁgg\ﬁge&@”% ea%es%é’?‘“’évn \A‘t?? g&%bé&\@od g&?tﬁm
target tigguBe &ﬁauhﬁﬂ{éaalbue@eraguuffeserﬁ&rrrcumeréw positiont hEige 196t $mﬁs the
and non-target tissue. I ntrayascul arl y el i vere @ig mal .
ener gy heéireurpigrejdiel rﬁ%t@F‘ﬁ'l‘ Cffl tﬁér@'errﬁﬁiaf‘%@”@r Sté te?4 dromm@ et diga Ren

wal | to mgubiah eofr X re@eP 1Bsidhaa(4y B SecoMd t'r@atmeﬂpﬁ)cbh@chbEésponrdlng

within the respect] artery protects non-target tissue of
vessel wald leerﬁﬁéhb@KtihﬁeCI@uﬁﬁﬁ@éﬁ@'rtﬁlﬂs@t@ﬁé}f g intermediate fgswreeseR2
S dellvere I I I f

ener gy poreas i BOREES redidif 424 b 6% noteh e, ek iohiBlndvify SFen

of the nopppesiet contasuat ocbntabteregassem\zfamhtatasnwam edntaot appltiye rs@bﬂrzmg
equi val en

magni.t ude or d ration cont | nuou ne :
0161 1 nfordes kool ganeiiy feiires o, pROEVE 8 Gact BEM R BRCb@Hebherio
as a heat ofmdnt 28 drisaheaksédiw=l. may be inject ed | nf used, or
ot herw se delivered into the vessel to renbve excess thermal energy

and prot eghoZ§ NAR cbﬂéﬁneémbd)&ﬁiéﬁ% ag@omﬂh . 60, W relayralso Bedbeneficial to
exanpl e, conprise a saline or ot her bi oconpat e fluid. The thernal

fluid may eqﬂ@rth@x@aibef@r a@@araw%wf@datﬂ%@&@ﬂh@m@lthe@éma&‘@meewker ipthe
via an infyshiong tH?Fﬁ(}eﬁﬂQd@fe o L#‘e AL, ﬁ*l@d%eﬂroftthé%%n@ tt%r‘h‘%‘? heatlng

catheter a Ioca n upstreamfrom an energy delivery el ement
at ot her Iedmaent@msorrwbmlmate ta thet |h&rme§lm@ﬂemremnemnw @rnsé:de ﬂaﬁ]cregtlon of

ht. The h fl |
e e A DL el LD bbb B Mot 0 3k 2t brton o
treat ment theé WB@ssd Q@H&Bhﬁlst ilnougﬂacrmmw tfe Htt&rr%dﬂﬂldlfi&&ﬂmt@zad'&scrmtmdtlon of

h t t i cal f t he del f
RE oner Gy (1% ¢ sG] BIRMEAN Fis SaoRBE el et ae i Be ouretor

be acconmplg Sd?@ﬁeb%ooﬁrﬁﬁfmémaﬂﬁwesetrﬂt ar®YcirtORes@Atiall and longitudinally offset
during a single placement of the catheter apparatus.

[00222] As described above, the size and configuration of the intermediate
flexure zone 34 play a valuable role in the positioning of the device for treatment and
in facilitating contact between the thermal heating element and the vessel wall. The
dimensioning of the intermediate flexure zone also plays a valuable role in this
regard, particularly with respect to the constraints imposed by the renal anatomy.

[00223] Referring back to Fig. 7E, the length of the main branch of a renal artery
(i.e., from the junction of the aorta and renal artery to just before the artery branches
into multiple blood vessels going to the kidney) is RA_ and the diameter of the main
branch of a renal artery is RApa. If is desirable for the length L3 of the intermediate
flexure zone 34 to be long enough for the distal end region 20 of the freatment
device 12 to reach a distal treatment location within the renal artery and, to be able
to, upon deflection, transiate the thermal heating element 24 to the radially opposite

wall of the renal artery. However, if L3 were too long, then too much of the
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WO 2010/ 078175PCT/ US2009/ 069334 i ncoherent |ight; heated or cool ed
fluid; mcrowave; ultrasound (including high intensity focused

ul trasound); diode |laser; a tissue heating fluid; or cryogenic fluid.
I 11. Repr eI BESEnbodi nents A First Representative PolyUeRpMA6H334
"Proximal, Internediate, and Distal Flexure Zones with Distal' {
Carried Thermal Heating El enment 241 [00163]Figs. 10A to 151-1 show a
r epr eseniiéinesiaigpissiupeAenes paexiviab rrpiere woslthfasides withiat the ragriadeyen for

Pt or moaC st elh@REheioBg pRRERYAN oot siftac PeidH 724 Tics tpegoex of
physi cal tmuimrbfiﬁﬁrd 'glibdern'feséaata Teg:@ez;nﬂe: dgedlgiamtekgﬁtlne irg:cﬁehzih?aéirm:mbl, aRrt3
i To 00 b8 wo i G0hect hih®a BRGS il pReivatlnt g frav iegliout for

the operator to reliably achieve wall contact at both distal and proximal locations.

[00224] Additionally, as a practical matter, L3 is limited by the most distal
treatment location (i.e., length of the renal artery) on one end and the location within
the aorta of the renal guide catheter 94 on the other end. it would be undesirable for
L3 to be so long that a portion of the intermediate flexure zone resides within the
renal guide catheter during distal treatments since the deflection of the intermediate
flexure zone within the guide could impair the ability of the operator to rotate and
torque the catheter without whipping.

[00225] In an average human renal artery, RA¢ is about 20 mm to about 30 mm
from the junction of the aorta and renal artery and the diameter of the main branch
of a renal artery RApa is typically about 3 mm to about 7 mm or 8 mm. Given these
and the above considerations, it is desirable that L3 range from about 5 mm to about
15 mm. In certain embodiments, particularly for treatments in relatively long blood
vessels, L3 can be as long as about 20 mm. In another representative embodiment,
L3 can be about 12.5 mm.

C. Creation of Thermall Affected Tissue Re ions

[00226] As previously described (and as Fig. 19B shows), the thermal heating
element 24 can be positioned by bending along the proximal flexure zone 32 at a
first desired axial location within the respective renal artery. As Fig. 19C shows, the
thermal heating element 24 can be radially positioned by deflection of intermediate
flexure zone 34 toward the vessel wall. As Fig. 19C also shows, the thermal heating
element 24 can be placed into a condition of optimal surface area contact with the
vessel wall by further deflection of the distal flexure zone 44.

[00227] Once the thermal heating element 24 is positioned in the desired
location by a combination of deflection of the intermediate flexure zone 34,
deflection of the distal flexure zone 44 and rotation of the catheter, the first focal
treatment can be administered. By applying energy through the thermal heating
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[00164]In the illustrated enbodi nent, as shown in Figs. 10A and 10B,
the proximal force transmtting section 30 conprises a first

el ongated and desirably tubular structure, which can take the form
of, e.g., adimse7staabul ar structure 54. The first tubul BET/BI20PA6288¢E
54 is desirably a hypo tube that is nade of a netal material, e.g. of
stainless steel, or a shape nenory alloy, e.g., nickel titanium
(a.k.a., eldmmm24pa stt'Ith&rmalky aftwmmsuhe'egleql%@)t@m&e frmed; a8 figsJ9D

andtor3|o f ngess re

t r ansni ttﬁ W §ei’EI ‘ﬁ fatgé t?oé@méntdgie heg@gl’ly %ﬁéd%g?%é%r DR fpkes tnhge
section 3GrEPond leSRH drhmema«%geismaufcif tse eddpentiad wmal afteryel ongat ed shaft
16, to facilitate axially novenent of the elongated shaft 16, as well

as rotati pegdagyeni Mmurabiriing e fi H‘sﬂ:t@rm@lﬂﬁfaﬁdctéhafshuéﬁegwm bB(zn)! the catheter
i ntravascul ar path 14. Alternativel

e first tubular str cture 54,
may conpr Needs MY ewpassioned Her |8@Wf@aﬁh%rm@otr¢ai"f@ab| £ SRESqaRey in
Wi res), ﬁ%@érd@é{aﬂ)rlt rcﬂa‘sﬂaﬁl%' de?é&@qn@hﬁétf@ca? Ié‘éitbﬂs t'hgt ﬁffé)élﬁﬁl%ferenhally

pol ymer s a netal/polyner conposite, etc. [00165] The stlffness
i s a funcspatedalongt teei langitusling taxinotthenegnal @stegtrif@tanmﬂver%ﬁ R, t

such as | iLalldis SRIGELE bn Oénfgg;n%ﬁ HoPATEL %5 polifon tﬁ&th%mgﬁﬁear;gﬁg%@%m

and ot her M Cro-engi néerin
cutting almddﬂmawmmngghe lengityginat aobsa ofrttteclvadl vessghr Raotation ¢fcthd edingated

axi al and Sj O ness character,istics. X | e,. .

o1 ongat ed SEAT1S dam pulSEa e st She o5 s 19EL sERBE pSrrd ierentany
shapes andegsdsptiorr hecthbanal hegfingrilément 20 aboin merehhmmsj Oade the thermal
functional properties. W 2010/078175PCT/ US2009/ 0693 qajfc?c%]tlon e i

the first heating glemant 241s pesitiongdsatmsreandanial Ang|GrEHRY %’8 1l
conduct i Vendeify aﬁaffé;béﬂgd 1R thé Firdt-dedBribef aﬁélf M&‘stitiﬂrﬁ a8%hoel I8, BE

sheath 56 or coveri froman electrically insulati g%épol yner
materi al  de.gna®8ti)kl snothm dacals trebteend 69 rbe hrdroinisieredi hetrepéaing Hae

under|lyi ”%éngMéf?Je &%%@fssﬁigsdc y&rﬁéBQE%@% iTBLE! 4 6 18] Whé@)étﬂ?ef* caregiver

sel ected to possess a meter (expressing a
stiffness can dreatk staluerradatffe)'rrﬂaby affatted bistge regiorseS&esiS¢), @ﬁe:r)ainh 98(d) on

stiffness of theflr t.ubul ar. truture di rials O,
The. poly e Heser! WP el B ATy e PERENE ORI pees ety Mt
material ; tlﬁ'drhﬁﬂ!?/ aFfdoyed %Méleeg@ﬁlgaﬁ) déiny that @fosﬁldlswl Mmmment
thereof. The polyner material can be lamnated, dip

spr ay- coatteermaly astestadiisedEois: RRINaMrarenR@xinealt h@goaébeOeﬂ%?ﬁe@ &foss-

of the tul@ctional view of the lesions formed in several layers of the treated renal artery.
This figure shows that several circumferentially and axially spaced-apart treatments
(e.g., 98(a)-98(d)) can provide substantial circumferential coverage and,
accordingly, cause a neuromodulatory affect to the renal plexus. Clinical
investigation indicates that each lesion will cover approximately 20 — 30 percent of
the circumferential area surrounding the renal artery. [n other embodiments, the

circumferential coverage of each lesion can be as much as 50 percent.

[00229] In an alternative treatment approach, the treatment device can be
administered to create a complex pattern/array of thermally affected tissue regions
along the vessel wall of the renal artery. As Fig. 19L shows, this alternative
treatment approach provides for multiple circumferential treatments at each axial site
(e.g., 98, 99 and 101) along the renal artery. Increasing the density of thermally
affected tissue regions along the vessel wall of the renal artery using this approach
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2. Proxi mal Fl exure Zone [00167]As Figs. 11A, 11B, and 11C show, the
proxi mal flexure zone 32 conprises a second el ongated and desirably
tubul ar structure, which can take the formof, e.g., a second tubular
st ruct ur e VEB2017AB1IBecond tubul ar structure 58 can be nBEBUSIMMIGHIIE
sanme or different material as the first tubular structure 54. The
axial stiffness and torsional stiffness of the second tubul ar
st ruct ur g8 iporesee ks prapabiliggoal Hietreallyxblatkisg ithd news| fipers tvathin treatenal
stiffnesg gg al ready described, for the proximl flexure zone 32. As
al ready des Tbed the proxinal fl exure zone 32 may be less stiff and
ate the

nmore fle forc nsm ct| 30...t @ navi

sever e bﬁ%@:@i equ ﬁp e eaﬁrgg)]e VIR e Teneh ateiv RS
renal arseown .fﬂreg Sﬁ?@@ﬁﬁblﬁyhﬁbMeSﬂxéU@hw:ﬁyl@dd@@rhé"s?téhdy 8f P Gebidhent.
but can alternati vel r;{m rise a hollow coil, hollow cable, braided

shaft, ePtHICC[HWIUHRP dancefuchrashiluoresnopyranly proyidesnyswurligatien in two
tubul ar §Frﬁé!'f‘sl}dﬂseﬁéégﬁﬁé‘l‘é[l?ﬁnl&?o%gﬂeemttﬁg aﬁe se %FI??%IS aﬂra o‘o&hﬁ visual

event, the form an ySI Ca tures o ructure
58 may beorfirmatied of mﬂm@nmt Bbthenguderios (verigh) bod |rn‘emcnro(bottm5of thearenal

achi eve desj S f

exanpl e, Eﬁﬁrg éeftjaon?éljaé a%e@ ngtgﬂ{) %@%F@%ﬁetg 'g ‘T'T tekﬁ&s?btgfﬂj
ot her engornfemaedn fof @botaes abé suben@remroniérrgu location ahfj unéch?a@&hem&IMer
tailored_t t he desjred axia tors ona| stiffness

f1 exi bi f’lt“?;' @ﬁg}/%ﬁﬁfmé | heating ?%9&4&%‘(‘?@3 chpimiesRliRlY elasngl e vessel wall
struct ur gnfi8hé& dBsiksd tras@iertt YdcalibNDrddchied € PAYSioloBidd4 isten as fi}ﬁ Q@éﬂtﬁa
spring-li ke structure. Depending on the ease” of manufacturabil e

first anf@rsBesRBCYTIRIVANONitared ie apaye tagt wall gartecide maintaimed ins ogtamzed
pi ece_of P LRt ralekiBH) 'AIRNMARBIAWR: BLAREST tHe i diEsctpB Warl BE dibtedf

t ubul ar str cture and secon structure are no

mat er i al {o adideveud betler ahigerktr eletarminihg wad conthct.ubul ar structure 58 can
be |l ess than the outer diameter of first tubular structure 54 (or
have a sfofl2Bét wdigs.t29Akn@8E) prtomderﬁairesctdm@c tesgasedf the frenterdnt alevige

55. [ 001 BT OHRCL PlooLg cHIneLBDI ISt U ur BOsEars Shae APPGniad o the

el ectri ceédtyhent device and thermal heating element 24 at a distal treatment location. The
intermediate flexure zone 34 has been deflected to position the thermal heating
element 24 in contact with the vessel wall and to cause flexure in the distal flexure
zone 44. Fig. 22A also shows contact region 124 where the apex of the bend of the
intermediate flexure zone 34 is in contact with the vessel wall in radial or angular
opposition to contact between the thermal heating element and vessel wall. Fig.
22B shows the placement of the treatment device at a more proximal treatment
location following circumferential rotation and axial retraction. Fig. 22C shows the
placement of the treatment device at a proximal treatment location just distal to the
junction of the aorta and renal artery. Figs. 22D and 22E provide analogous
fluoroscopic images depicting the treatment device positioned for treatment within a
human renal artery. Fig. 22D shows the treatment device advanced to a distal
treatment location similar to that described above with respect to Fig. 22A. Fig. 22E
shows the treatment device in a proximal treatment position similar to that described
above with respect to Fig. 22C.



conductive nmetal material, the second tubular structure 58, like the
first tubular structure 54, includes a sheath 60 (see Figs. 11B and
11C) or covering made froman electrically insulating polyner

mat eri al owommi@eiselss, as al ready descri bed. The sheat hP@UUEP09/069334
covering can al so be selected to possess a desired duroneter to
contribute to the desired differentiation in stiffness and

flexibili I[G’OZJH]V\BGSinCélbofH thet thermalseating dlemeht24 sndwotder 8058, the distal

[00170] The se nd, t ubul ar structure mori-S

material ©A4R 8}?9'“%"?@935 %’F‘éﬂa @F?&gtqﬁp es'ﬁadf (?aqu’a%t gﬁ%'?@g@ S Gfhto
di fferenticap g é;fbrﬁidrfufsm@% a;ﬁﬁlemsbahzétbbnbﬁhmrthé Iiraage csm‘esapmdlng
second tubul ar structures 58. exanpl e, the sg]%ond f ub

st r uct ur e iGghe disstc bapimey IQC@:%FQ T @'ﬁFYﬁ’W RASHI®K gppm,enl{ (ﬁ%\g%eaéor he
stainl ess éF&f‘d treﬁh{e?ﬁ “ﬁf;.* (‘-!)@rﬂplet .H%eﬁ@%@tuﬂle%l&ubwagéuémﬁ ut i§ deSirgiele for

conprise a l'ess rig braid or braid-rei nforced shaft
coil rei nftimaf cleanbopgzraémr Leneerat at abmtealenpar@m@lortgoﬁﬁﬁd%ngt@ of fe A aféﬁry

hol | |

dosi rod_ ait EOPRAFTGLE 8ol Fig bR ehs SR DebBI P24 7 e chgotor
aclh: e;/ﬁd Eﬁn%hﬁl@t ne@na;:lofhet djmnuzensm:h g'raftdharmlrrent ]E)OSItIQm oé thd &hresmat heating
wa I CKNEeSsS ot ner t

St uct ur o et e el BlE R Wil PR eor Wb Sa0E0 P i g

made fromygaikéect r| cally insulating polyner nmaterial, as above
descri bed, can also be placed over the outer dianeter of the second

tubul ar stpygeiayre |%8aﬁd?hérr@ﬂbbdlméﬂt dpsddretBodedn bée@pmecu o Deiffersn type
the first and Second tubul ar structures 54 and 5 | nt er nedi a

Fl exure Z&hdagiopaqug markerys Fol sxamphep 2 paed Qafrf&iatiw LRBpe @H@Chede to the
| nt er medi El:{isq%if%n@%%rtﬁe ﬁ'ﬂ&%éﬁatﬁ‘?@gﬂ%@t&ﬁwéﬂa@bQékﬂééﬁfhearﬂﬁrker

desirably structure, which can take the form of

a
third tubyhass gt rushil € fifogrdBfict MiddzA i o the Vadedidt fe Q;%n%?d?!ybl%qwres

made from
contrast agent to be infused into the renal artery, it may be desirable to incorporate

within or alongside the treatment device a lumen and/or port for infusing contrast
agent into the blood stream. Alternatively, the contrast agent can be delivered into
the blood alongside the treatment device within the annular space between the
treatment device and the guide catheter through which the device is delivered.

[00235] Exposure to thermal energy (heat) in excess of a body temperature of
about 37°C, but below a temperature of about 45°C, may induce thermal alteration
via moderate heating of the target neural fibers or of vascular structures that perfuse
the target fibers. In cases where vascular structures are affected, the target neural
fibers are denied perfusion resulting in necrosis of the neural tissue. For example,
this may induce non-ablative thermal alteration in the fibers or structures. Exposure
to heat above a temperature of about 45°C, or above about 60°C, may induce
thermal alteration via substantial heating of the fibers or structures. For example,
such higher temperatures may thermally ablate the target neural fibers or the
vascular structures. In some patients, it may be desirable to achieve temperatures
that thermally ablate the target neural fibers or the vascular structures, but that are
less than about 90°C, or less than about 85°C, or less than about 80°C, and/or less
than about 75°C. Regardless of the type of heat exposure utilized to induce the
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the sanme or different material as the first and/or second tubul ar
structures 54 and 58. The axial stiffness and torsional stiffness of
the third tubular structure 62 possesses the requisite axial

sti f f ness Wh1/gi8&iSonal stiffness, as al ready descri beRCT/figa00%/dse334
internedi ate fl exure zone 34. As already described, the internediate
flexure zone 34 may be less stiff and nore flexible than the proxi nal
fl exure HenmaBleuromadatEtiont aredundint rimréred sgabbibetic opnef adtiity ("TRSNA") is
intermad%%{)e &iexure zone 34 within the respective renal artery.
[00172] | ‘?% econd and third tubular structures 58 and 62 share the
sane material, the formand physical features of the third tubul ar
structure 62 [Ar e Gortte eflApplaEne&dyt o t he second tubul ar structure
58, to achieve the desired stiffness and flexibility differences. For
exanpl e, [@02&6] nt éNitiortheli zeatinents digckisdd kérahefar dewatihgttheedpyess targed

th ' d_f eat of . the third tubul truct 62 b
Cai | or od A5 G0 BO4FBSHUEN b ANSiaVAP b BRG] Bl etk PRyl SHHglores

f1exibilint ¥ soMMoAEd ehamidreSThEQonBSREBP BliverP O rtdHergy WiPBligk BET2mkuUbe
62 can be laser cut along its length to provide a Tnore bendable, nore

spri ng- | fheemat reatmand te gxiendretoswedraak laptipavhile iedueing ainglgsirable energy
00173 ' 2 f
[ ] V\'S‘f} [\‘fehh Br Hﬁérﬁ%l reﬁ@b't’satp tﬁér\}é‘éééir\ﬁalf.h é\' ?%"FE%QE’ uc{;ai’ip%r?nof energy may

el ectrically ‘conductive netal material, StTuc
62 al so élgel (R in sheaote eaongistentFipgsdictt2® andCeffinieht 18@rathr treatment.

i . | ical)y jnsulati | terial .
rat o | o ACRGNGHT ¢ 3fe GuBib AL 26l JeBRend R BT S aotPEiPse
sel ect edcdrprisisg esisalgoritesi 102 (Ses GRigt B fof @onrdlling v eelivery e (AR 1B

differentiation i H S |ffn§ss and flexibility between the second and
third tuBfQY @ 08t fieEmershesting #eyere the ralgenibm 41025t 2 utaniesendative

can conpémsEditehit IdratiRen iBRGIA 3 Fidiash, (R %%Bﬁﬁéﬁ ?Feaf(ikglzwﬁn;ﬂ?ﬁal

to inpart the desired differentiation in stiffness
bet ween ¢MBPWEE erRgramdior exeeutionbbly arpreegsser gougled o thegeogeaipl 26. (The

third tu r - i It hal erial. i

the dest THaAAT 102 ShH s Be TR ot rebuply bDE oAPRlEr BRing SrBPRTep,
t ubul ar isstructtomses 58 and 62. In addition to material selection, the
desired differentiation in stiffness and overall flexibility can be
achi eved00232E| edheooparbtind @ararheterso mothitareet ier acound snadewith an@tadorithm
wal | thickness ncg ot her engj.neered features of the tBi rd tubul ar .
st r uct ur'@a@g2nclude,, ?@Qagptw'gscﬁxmgedr_npedance and power. iscrete values in

temperature may be used to trigger changes in energy delivery. For example, high
values in temperature (e.g. 85 degrees C.) could indicate tissue desiccation in which

case the algorithm may decrease or stop the energy delivery to prevent undesirable
thermal effects to target or non-target tissue. Time may also be used to prevent
undesirable thermal alteration to non-target tissue. For each treatment, a set time
(e.g., 2 minutes) is checked to prevent indefinite delivery of energy. Impedance may
be used to measure tissue changes. Impedance indicates the electrical property of
the treatment site. If a thermal inductive, electric field is applied to the treatment site
the impedance will decrease as the tissue cells become less resistive to current flow.
If too much energy is applied, tissue desiccation or coagulation may occur near the
electrode, which would increase the impedance as the cells lose water retention
and/or the electrode surface area decreases (e.g., via the accumulation of
coagulum). Thus, an increase in tissue impedance may be indicative or predictive of
undesirable thermal alteration to target or non-target tissue. Additionally, power is
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WO 2010/ 078175PCT/ US2009/ 069334 [ 00175] For exanple, in dianmeter, the
outside dianmeter of the third tubular structure 62 is desirably |ess
than the outer diameter of second tubular structure 58. Reduction of
out si de di anet@soirswal | t hi ckness i nfluences the desi regi/us2009/069334
differentiation in stiffness between the second and third tubul ar
structures 58 and 62. [00176] As di scussed in greater detail above,

pr ef er ent igal effirtile Patraetef td heonitot &1 teatialting fHeedelivery ohtherapy. Power is a

d bl Th b h d t he thi
52| cas. S1990n o1 cEBGR 81 SHTBNE dbe BHOBNLERY datdrdne alipdt ey bHer
stiff Opp@@la&ﬁletvgea HesRed igewvep DaVAREE GMiheFRbrei@iined paramietem (em.,
Figs. 12B and 12C, the third tubul ar structure 62 éunl({qﬁg?rtyhﬁesecon

P

t ubul ar strat@mcupbam) cenrplsoles usrd I triggar change pa £Reay T erfeers:
spine 66 wih t%OS'f“affédgég eﬁ?pe@%tbj %uﬂaﬁé%éhlf&'réé%ﬁclﬁ hﬁatdﬁtf)\h@rcbut@[lt i

of the thi'td fubdl ar I'n response to pulling on

control wireductd mcblnmemhttttmttamddhestrab iR teMmpératuie is t1f}|$t$‘a‘§teﬂubul ar
structure 62, toward a desired direction. The control wire 40 is
attached t[002381i st semllnoﬁlglm widrea cedigates irfiliaies treatnoerd (Quot.hvia thediept

130. The benef.its qf ntlal ect | 'n

have al reé’(?@ b &'ﬁ %3‘%@& C‘[’@B’f‘?g A@egpg raé?{oélél q ﬂ'%lghgmk §EE e ¥PW? r
ri bbon matgitpalto 74 fits?. |:£bwer|‘ﬂb\1iél M| (e.§} & waassowdreslfirstaims perind t1 (e.g., 15
stainless steel) can be attached to the third tubul struc

inen the siepie: Fovsen @BV UTGANT HB! CBIR PETodss Beatiany e 45 2
ri bbon, gﬁlt stﬁ? VRPetdlor 86 HPEsses! i pQ@EF %9Ep@b|at3 at %ﬁéﬁaﬂwb@t’nsﬂént rate of

structure stralghten out the deflectable third tubul ar
st ruct ur e Foit. Memasymrﬁheerpom@rslﬁ@r&taﬁemar( $ge nppdigeary £39., 16xpongAKal or

120) or ch ‘?éﬂ)d?@ 'Wrﬁiea variable rate of increase. Once P; and ty are achieved, the
algorithm can hold at P4 until a new time f, for a predetermined period of time tz — t
(e.g., 3 seconds). At t, power is increased by a predetermined increment (e.g., 1
watt) to P, over a predetermined period of time, ta — t2 (e.g., 1 second). This power
ramp in predetermined increments of about 1 watt can continue until a maximum
power Puax is achieved or some other condition is satisfied. In one embodiment,
Puax is 8 watts. In another embodiment Pyax is 10 watts.

[00239] As discussed, the algorithm 102 includes monitoring certain operating
parameters (e.g., temperature, time, impedance, power, etc.). The operating
parameters can be monitored continuously or periodically. The algorithm 102
checks the monitored parameters against predetermined parameter profiles to
determine whether the parameters individually or in combination fall within the
ranges set by the predetermined parameter profiles. If the monitored parameters fall
within the ranges set by the predetermined parameter profiles, then treatment can
continue at the commanded power output. If monitored parameters fall outside the
ranges set by the predetermined parameter profiles, the algorithm 102 adjusts the
commanded power output accordingly. For example, if a target temperature (e.g.,
65 degrees C) is achieved, then power delivery is kept constant until the total
treatment time (e.g., 120 seconds) has expired. If a first power threshold (e.g., 70
degrees C) is achieved or exceeded, then power is reduced in predetermined
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froman electrically insulating polymer material, as above descri bed,
and having a desired duroneter can al so be placed over the outer

di aneter of the second tubular structure 58 to inpart the desired

di f f er ent W 2039{08EBween the first and second tubul ar sPETHSNPHHIBL
and 58. [00179]In the enbodi ment of Figs. 12B-12D, the width of the
spine 66 (i.e., the radial arc length of the spine 66 at regions

al ong t h&arerngnis eignad.Saxatts, 410 whds teit.) dntild target tetpecaturesisé®hidvad. db

not i ncl i e Jee i tiffness ,of the thir

Fubul o Sresepdrsiis AHosFElE s 87 5 b AlEHE Gk AR Rery bihetr vy
spi ne 66intivatihg mpendésiethle copditiun dihehhsowdr deliverbgharbestarmpidie® Ghe
wth a desired rel ative s(iii f.[}]ness. Fur%rerrgé)re, tqe w dth of the

spi ne 66 HHFTVEROHPANEPER Y INoREPLE GHARIS %7 ¥isHpl IRETS IR AlgTite ePgrator
struct ur gf &tait Ber@ynProviding the third tubular structure with a
varying -45- relative stiffness along its length. Such variation in

the wi dt [pg2iso] he ™R RRcRhgRYa %n%@ﬂgyéﬁ\ﬁe FQNf SRS ua@ﬁ" \:f)&ﬁfch algorithm

di sconti nuous, or conbi nations thereof. [00180] The w the ribs
68 (i . e. 102 naymdusimed/aspenmrieatefsisesmtinue the epromgndeed ppwagdutpdt:nal
axis of the third tubular structure 62), as well as the spacing of
the ribs 68 (i.e.])the Thestmeaseresptonmeataliye texeesqs nemésinalrortgnipeemture

| ongi t udi nal axi t hi | r et wee dj acent
ribs 68), opti onzrp'%%h#gsegf’féeb%td Zaﬁggfeﬁgﬁggﬁwéﬁﬁ?w&?s@eﬁ ection
achi evabl e by the,jnternediate flexure zone 34 before adjgcent ribs
68 contact one ag%i her . ucﬁv%'gﬂ?a)égmﬁgfeﬁg@n éﬁﬁ'v cdgnﬁ'om p{éggmeasured
optional |y may deérnperative exadeds aofaversigatanserangé direbh6ld ey, eatilit 65
(see Figs. 7C and 7%%£|)the internedi ate fl exure zone 34 under such

maxi mal pr ef er entGeqr ection. It should be understood that the
wi dth and/or the spacing of the ribs 68 may be specified as desired

to achieve a desi(fked erfale ohdregeff thg mgasyreditemreratyiernsends a rate

the wi dth and/or o‘fEﬁarﬁﬁﬂ off the ribs 68 may vary al ong the
| ongi tudi nal axis of the t(ﬁg]r tubul ar structure 62, thereby

providing the i ngﬁ rredim&aetefrlp%fée{pfe ﬁwsvgﬁ%gﬁi@d Bf ﬁﬁreyiigrb%lém‘?gid‘lﬁ{'rﬂ&m

curvature under h maxi ma erentl a ection. Such variation
in the width andtenpgpéwienghasfget tiwreshdld 88ilardlye gergraldud6, has non-zero

continuous, abr u%htpu(?.i §88PEJ>rﬂ58tuBetm%§3nClﬂgq-l'lgﬁﬁél%satitnaeélgr%feht 24 and the

arterial wall can cause such a condition.

(5) A measured impedance exceeds an impedance threshold (e.g.,
<20 Ohms, or >500 Ohms).

(6) A measured impedance exceeds a relative threshold (e.g.,
impedance decreases from a starting or baseline value and then rises
above this baseline value).

V. Pre acka ed Kit for Distribution Trans ort and Sale of the Disclosed
Apparatuses and Systems

[00241]  As shown in Fig. 21, one or more components of the system 10 shown in
Fig. 5 can be packaged together for convenient delivery to and use by the
customer/clinical operator. Components suitable for packaging inciude, the
treatment device 12, the cable 28 for connecting the treatment device 12 to the
generator 26, the neutral or dispersive electrode 38, and one or more guide
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[00181] Preferential deflection fromreduced stiffness in the
direction of deflection, as described above, can be achieved in a
nunber of additional ways. For exanple, as Fig. 13B and 13C show, the
third tubulasgésmcisure 62 can conprise a tubul ar pol ynRET/G$2009/069334
net al / pol ymer conposite having segments with different stiffnesses D1
and D2, in which D >D2 (that is, the segment with D1 is nechanically
slt iffer kt t@atr}:]ete?g gaqglggam remidl lguld2. catietet)hiCable @B waaralsa bedttegr@tabinkathe
al so take the foarmaq oval , or rectanqgular, or fl I

cor ! or paeienaRI Legianinst ot 2F:Hafebel ey ot
in which RLxERnERS BAPWRavE il Sowrd 3&kerild pakbdia F apgrapeménts t heguiring
segnent havﬁﬁg the I%pwer stiffness D2 isrbor,i e%tgd@gn the third s
t ubul ar ststaitizatiosn) Ep thgm COMBOBEME MY Ba¥R d?ﬂ'@“&@t%ﬁ"ﬂ'@fe‘j\)ﬁo@qréﬂems within
attached. : Lr Naty: \ ' B irsfWiorshr tUser 16
t ubul ar stﬂﬁeggf( ﬁjr%lg%ﬁ%aﬁ]tﬂé%%rrpgg%gﬁ %ggjg%tds??[%ﬁgc?%n? or IO_ )

net al / pol yinarprovideodie eperstorciechninalberopueli ieetires apdianeatingniasirygtiogs for

t ubul ar structure 62 ¢ I f.or | £100

rect angul a9 ?ﬁ%ﬁ@d%ﬂ@ﬁg‘%ﬁ@%’f Ggylcgoﬁy%?lg@ggﬁfg&l{l@& ésﬁﬁiljwagg?bn
| n et her delivérposiaedhenttdng udd ofrthe tneatrherselpriestdistbogdddsseist i ff) i s
oriented on the third tubular structure 62 on the sane side as the

actuator er € ﬂa%gféh%%?semblies for Intravascular Treatment Devices and Associated
Systems and Methods

[00242])  With reference to Fig. 23, another iilustrative embodiment of the handle
assembly 200 of system 10 is described. With the handle assembly 200 positioned
external to the patient, the caregiver can translate the handle assembly to translate
the distal end region 20 of the elongated shaft 16 within the respective renal artery.
The caregiver can then operate actuator 260 of the handle assembly 200 to deflect
the thermal heating element 24 about the intermediate flexure zone 34.

[00243]  The caregiver also can operate rotator 230 on the handle assembly 200
to apply a rotational force along the elongated shaft 16. Rotation of the elongated
shaft 16 when the intermediate flexure zone 34 is deflected within the respective
renal artery rotates the thermal heating element 24 within the respective renal artery,
making it easier to achieve contact with the vessel wall and determine whether there
is wall contact, particularly in planes where there is poor angiographic visualization.
Rotation may be combined with translation of the thermal heating element 24 for
repositioning of the thermal heating element at a different radial and longitudinal
position within the respective renal artery for delivery of energy at muitiple locations
within the renal artery.

[00244] As seen in the exploded view of Fig. 24, handle assembly 200 may
comprise proximal strain relief 202, distal strain relief 204, inner limiter ring 210,
outer limiter ring 220, rotator 230, housing assembly 240 having upper housing 242
and lower housing 244, actuator 260 and carrier 280, as well as optional O-ring 275.
The upper and lower housing comprise one or more mating features 246 that join
together (e.g., via friction locked male and female mating features and/or via
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4. Di stal Fl exure Zone [00183] As shown in Figs. 15A to 15H, the distal
fl exure zone 44 conprises a flexible tubular structure 74. The
flexible structure 74 can conprise a netal, a polyner, or a

met al / pol YWReR01¢6WpEsi te. The material and physical feaPUFE82008/06033¢
flexible structure 74 are selected so that the axial stiffness and
torsional stiffness of the flexible structure 74 is not greater than
t he axi aladbﬂi‘f'és)e@sfoandtheolﬂmctbﬁénous'ln'gf &sseslp240he Thai acttiatah UDaing and

2t 1 oast caBn A BoRMGELEe R Rhlebbe Roviihd 2R BN aRe hbiE 6 e

t ubul ar stsembledeohfigurtion bhisouding gsdamitly 2a0st ruct ure has not been
defl ected by the control wire 40. [00184] As shown in Fig. 15B, the

thermal [eoR450g eAcdBsdrived insmeay teed iowhm WeShstentiét @bnf ation the
flexible structure 74 for placenent in contact with tissue al on

vessel waftuaigr 260 @%Eéﬁr’ie{?@speﬁﬁﬁlcoﬁﬁr@wd Wihim 81 housing essarably 2 0 ina
sel ect edrﬁca‘hrneF "tﬁatf 'fé‘éﬂ'thie% ebéraflatd a?@ fé‘?nro@ﬁlcfna%:r QHQQH&UQ{O{ linear

non- radlopaq exanpl e, a ra paque materia ess
steel , plrans ation Of)ltm icAtIeri rAglialso deﬁcrlgeddn reene d’b@aumtbw qorematﬂl dinear

Vi sual 4 [
ac er ol PepfBudiy AR A0, AA8 reafes wHRDE Bl S0 AR 420 gauses
subst ancdeflenfioh aisthérmnal Lmaasmg fedéreentt 24 bhout intextredidts fakirzatonen3aoflithe
0Q18 conf rati o the. flexjb|e fucture 74
Lgﬁg\e/agyl dgagce g Q 62] he eI<|) uate slhaﬂ % Bptionaﬁxb-rlng 3%5,uposl,1itioned
between the actuator 260 and the lower housing 244, may provide tactile feedback
or resistance to the caregiver during such caregiver rotation of the actuator, and/or

may maintain the actuator in proximally rotated position.

[00246]  After assembly of the housing 240, the inner limiter ring 210 is
positioned concentrically over a distal portion of the housing assembly 240, the outer
limiter ring 220 is positioned concentrically over the inner limiter ring 210, and the
rotator is positioned concentrically over the outer limiter ring 220. Proximal strain
relief 202 is affixed to a proximal portion of the housing assembly 240, while distal
strain relief 204 is affixed {o a distal portion of the rotator 230. As described in more
detail below, the inner limiter ring 210, the outer limiter ring 220 and the rotator 230
act in concert with the housing assembly 240 to facilitate rotation of elongated shafi
16 without rotation of the handle assembly 200, as well as to limit rotation of the
elongated shaft.

[00247] Treatment device 12 comprises control wire 40 that extends the length of
elongated shaft 16 (e.g., along the length or within a lumen of the elongated shaft)
from the handle assembly 200 of proximal end region 18 to the intermediate flexure
zone 34 of the distal end region 20. The control wire terminates distally in the distal
end region 20 and, as seen in Fig. 25, may terminate proximally at carrier 280 of the
handle assembly 200. The control wire may be attached to the carrier 80 by simply
being wrapped around one or more cleats on the carrier andfor attachment via
adhesive or solder. Proximal translation of the carrier 280 relative to housing

assembly 240 (and thereby relative to the elongated shaft 16) proximally retracts the
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t he enbodi nent depicted in Figs. 15B and 15C, the flexible structure
74 conprises a thread 104 encased in, or covered with, a polyner
coating or wapping 110. The thread 104 is routed through a proxi mal
anchor 108woMwieérsi’s attached to the distal end of the FGRERAVAOBEE
fl exure zone 34, and a distal anchor 106, which is fixed within or
integrated into the heating el ement 24/el ectrode 46. The di stal

anchor 10@onmeyl vife fela:tm toi thbislorigatedehaft 1§, whichempaga/acbersting memest on

usi ng, ol der . ternativ t he di tal t

el enent 2%7%!@%’ e xH‘i?yzqne?oﬂ g'?ﬁtec@uﬁ%s nﬁ% ra%%iﬂgg%"r%n%rﬁ% ?tgrbémj
struct ur e [J38d& TRt Bl IoraitL@inal byipes thé eﬂ‘fﬁi@tecablsaftaﬁ bféhnas‘ecmtmes
construct the aforenentioned structures er, to have.a f|

st r uct ur e Praitioniag felbgr hegpmak heaiing glqn@pqti@tt '%laefj?ﬁéfﬂda 8%’?%)@'%"%%6@

34 and th g elenment 24, it is desirable for thread 104
to be corrg‘raéaséggv n%g%fté or simlar poI ynmer thread and for the

pr oxi mal | 1%‘ ﬁ’%%@' P?gé%ofu ﬁ‘fb‘rﬁér‘eg%r Qﬁay proximally

stai nl ess'stee Coating 110" can E‘e conpri s
el ectri caltﬂay\siamstlﬂead:armer 260 eslativie, toathe hswsingcagsembly 2Adde Ofdeé tt@@rcrw@#y

L Pt S0, e o A OB 1 oS e

flexible ted covered by a urorre
pol ymer s yeBrrasdig@rfiextifasend 34bela‘teed|§1ih0end\segﬁd)mﬁﬁ iNctURitey, 2606 MpIiRESHEN

nore supply wires 29 run al ongside or within flexi

structure aﬁwat%bqs#ye%ﬁ%*@s fohat gﬁéda? well &s & qaégtzEEW?)[r%‘?Bﬁlgon%d on the
thermal hegtipg & #ERbdforMidt Restiperl husing e ard gyarfien280hin the
generator 26 and al so convey data signals acquired by sensor 52. Al so

as previ o@sEgmiiedigodfigdrafind depicted in Fig. 15C, the control w re 40

fromthe handl e actuator 260 can be forned into the I‘OXI mal anc
108 and afff@248ld tActuhiorJEongae sastaph agliaty @Eioges70 @t iy @@1@81‘ éﬂéhe

advant age a‘%&;%té'rel?ﬁogo\}‘{? geﬁuéteﬁﬁuﬁ&{‘yrﬂ@?@t 'T?i% égtuéttifebutlt&i(blt?ﬁ ©72 acts as

structure exibl'e structure creates a region of
el ectri cala ilewraginorthbetpnedded reeiditiverhddrgbeaancgnethanicl athv@ntage dedng

of the el ongated haft th Kevl.ar, t

are el ect rPELPN T IH%QFWF eiéor hepgb@dw?tﬂ/gﬁﬁﬁgz% ﬁébpgﬁg% yaﬁgsngtel%g%rlglbd th
as the soligameBeci@rocbeed apal 2D mdsdiiitdiet actilbe manipiuregioy, arichergonomic
external surface of the flexible stru Xure zone

44 is el edianding pj thenieiqn ey a[@ﬁ%‘éﬁ%ﬁ@n%@%ap PF@@%@E@'?I i pgRtioned
15F, the fil, exiohl&dSdr HstHpSsitidh AlI&tRMSto housing assembly 240. The caregiver may
pull back {i.e. proximally) on the button 270 to proximally rotate the actuator 260
relative to the housing assembly and deflect the intermediate flexure zone 34 of the
distal end region 20. The range of distances separating the actuator button 270
from the rotator 230 during caregiver manipulation of the handle assembly 200 is
specified in a manner that facilitates single-handed ergonomic use of the handle
assembly 200, even when the actuator button 270 is positioned in its proximal-most

or distal-most position relative to the housing assembly 240.

[00250] Upon mating of the upper housing 242 and the lower housing 244 to
form the housing assembly 240, actuator button arm 272 of the actuator 260 is
seated within the actuator channel 250 formed through the mating of the upper and
lower housings {see Fig. 23). Actuator channel 250 provides the caregiver with
access to the actuator button 270 from outside the housing assembly 240, allowing

the caregiver to rotate the actuator 260 relative to the housing assembly via the
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consi derabl e passive deflection of the distal flexure zone 44 when
the thermal heating elenment 24 is put into contact wwth the vessel

wall. As already described, this flexibility has several potential
benefits. WHRIHHELTSy, the flexible structure 74 i s not POBE§2009/069334
resilient, i.e., does not provide a significant restoring or

strai ghtem ng nonment when defl ected. The size and configuration of
t he fl exiepbluatat butomrehil tbaabd:testotr hodhe362alis hdispdseg ehtérrerilnetiunusmg

by angl 20Tk, CHTEh 230 i P RLoR B e G S e oV etheotifier

For t reaimembts wth lthen aatulata"rlaﬂmeamd tHe mﬂslr‘@as%mbl d40a® ttdissfranadtation
artery, i]L rabl e th t an‘J 0 9Q degrees. [00190] The thermal
heating & g}ﬁeﬁ? UQ F B frapy %lt'% ,eoqﬂragr VedPr tBEtIMSHY eRsIeMRlY. yand

power i nireisisy ﬁ@ﬁs@ﬂ.drwﬁny cBhtréllWirdlho PARID théIdratdl st 14| exure
zone 44 passively deflects at a treatnent site about an angle S

appropri pigesp a AH é’r?dWrPﬁ'F F@Qt o8 aﬁ&‘@"‘jofﬁe‘:@érn@re%E&%Rnéé‘s)’ﬂrgpéﬁd Qg?qﬁd

the thernmal heating el enent I gned wt Interior wa
of the r éﬂmlnﬁméﬁsﬁ&?@rarpbmb theit rawepqsm@adaw@en firsd read swoméinngBumodl

flow may of SiRNE B0AL UM bBg S HedhRAVE! eg?'thél‘?@veeﬁi QIR %4 ré(’ectl

mtigatifg a nee shiref'di ng ror
t he del i essarablpoRvD. tﬁhde herter hes a enal ptnet\zsﬁ thnsc;@cwlttbnkatthlhethe

di stal flexure zone undesi rably sti . Such .

ormi - di r BELPISRS RSP dAMEpel e SAtuaioubUEtn S7aTR eoslRERd i s ciAgesy
facilitapgsifbieritiver toS e hdiRfigt ia8sémBlyoPad hend Nerders kaat iphst 286 is
el enent 24 at a treatnent site, as conpared to shielded or directed

t her nal H@%ltlwﬁji al empses andniegior sHEAR Of teaechgiaiseatmt 28 oAsrshommy ina
m cr Owa\/f-‘ ﬁdtcﬁ%gi Vr‘étq%)fﬁeéf E%U%Eﬁatc{ro%ﬁ Ez'??%rbﬁ S, Péf‘atlv?ur othe,

enbodlnen or t | exure zone 44 | 'exi struc
can t akehommng esseroblyaratation ef theetchlatero26q calaﬂﬂsdhemam&d,s qaoh postr 288 to

1 exi bf omEVE R AR Supdhir Spitme ot D3RG GRS GBI ™ or °r bet angul ar.

ermbod melieo2] ho A3 R fr@echraatt sost 286 figfectip s aloeioee GRSt et e

struct ur pseridr 16 %sbensr diriig el carediber's ReatnH ohﬂ@tadlgat@l' BB 224 fidPn a
pivot in at Ieast one plane of novenent. For exan‘E Fthe flexible
SRt

st ruct ur B07Q, sty RRHRT &5 B Fign gOAYHO Famare grRema ARt(E®M Fig. 26C)
Egglggl Theativeary thé FioBSing HsHERbIlRAS tie PRFdastl didtencl BL@ech X YERatAE

pivot 264 and the actuator's cam 266 from inferior to superior causes the actuator's
cam 266 to apply a force to the carrier's cam post 286 positioned therein. This force
increases the distance between the actuator's pivot 264 and the carrier's cam post
286. Since rotation of the carrier 280 relative to the housing assembly 240 is
constrained via interaction of the carrier’s first and second housing posts 282a and
282b with the lower housing's first and second longitudinal channels 252a and 252b,
the force applied to the carrier's cam post 286 by the actuator's cam 266 during
proximal rotation of the actuator 260 relative to the housing assembly 240 translates
the carrier proximally relative to the longitudinal axis of the housing assembly. This
deflects the intermediate flexure zone 34 of distal end region 20 via tension applied
by the carrier to control wire 40.

[00253] Conversely, as the carrier's cam post 286 fraverses the actuator's cam
266 from superior to inferior during rotation of the actuator button 270 from a distal
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coupled to the internmedi ate fl exure zone as descri be above.
Alternatively, in enbodinents that do not provide an internediate

fl exure zone, the distal flexure zone can be coupled to the proxinal
flexure zomm 208/é8i7sal ternatively, the distal flexure ZRERUZOH/HGE34
coupled to an internedi ate section conprising an arch wire. For
exanple, Figs. 151 and 15J provide a catheter conprising a shaft 16
and a di sipakitiemeb éegggmimaZ@osmblerreliaﬂwa teethai sausingeassendyy @402the decreased
conprises an internmedi ate sectiqn 34 diistal fl Z A4 . ar
Chormai eI BF SRR MBS RBPES SHEkiRroand et RED JRaREpridn S Hiefor
conprise g édy HdehatarsSesi 266 apN@ppipiadores @r tHe varriersleam gpost 286
distal flexure zone conprising a flexible structu

, e, and, a the | .
heati ng elpesiianed Biseinsi Hiys derce|desrqasge tﬂ%,d'%’éqeelir)‘ﬁtw@ﬁaqh?@? U@Irt@n% pivot
structuresi - Q. : i i ’ 26
3010 071 7EBETR LR G/ Bt 4 HE 6284 it RoSHasd ftGin intidctuator's cam 206
} " whol e mnditzafseateg, tha celriec 260ceistal)y edaiivecia adongituginahaxis fethgi Rausing

exure zaone ir , . an '
and 15k -GPSR, Ao bR IR o U Fh R Rl FPLS B RsstRily
el ectri caldnm&:s mwirgéri(;nr@iaitelfben’m;e rateed4 80 strdlgbtepotiy memovaltafrtergionapplied
possesses a desire ur onet er r flexibility.of the f ' . r
o g == oo ohe S8ty to gonam eemag o Atematvey ¥ L% eimer LR dh e Blo.
materi al iqu@l Hae rdxbriref frée Bpplicd BPiheheadraéeby el el ddtdhintermediate flexure
pol yur et hane; urethane, carbothane, tecothane, |ow den

. . 201 Sit :
pol yet hyl @gee GeDigkjhe epntral yire: 4Qr thediasiierat R LOPhEPR B1aY aFﬁ’éV BTGRP the
mat eri al d 841 joRe R RF tOtrTeNdM wighin the
deposi ted%ﬁhﬁeéd%e@%?ﬂgt ?ﬁbg?(lﬁb}féegég{]rpt?gg 8?66 74. g%?er nat i vell y,I (:Iln
thin fil mastuatérs goh pesrandaptatesihe@stuator imticm) 2a@stg8Y wr apped about
the flexible structure 74. Alternatively, the flexible structure 74
can be i n{e0254]l y Thmsgeatnetty airodmna66 optionally may dsagaitigurgsein Rtesgciowith

oo LB PR LR BEC S EpPEREE B crcgiercurng
rotation of the actuator 260. For example, resistance may increase as the actuator
is rotated more proximally. At the limit, such increased resistance may serve as a
brake that precludes further proximal rotation of the actuator relative to the housing
assembly.

[00255] The actuator 260 optionally may comprise male O-ring attachment
profile 274 on the surface of the actuator that faces lower housing 244 in the
assembled configuration (see Fig. 27). Profile 274 preferably is concentric with the
actuator's pivot 264. The male O-ring attachment profile may have a maximum
outer cross-sectional dimension that is just slightly less than the inner diameter of
the O-ring 275. The male attachment profile optionally may be slightly non-circular
or pointed, e.g., about the ribs of the profile 274.

[00258] Likewise, lower housing 244 optionally may comprise optional female O-
ring attachment profile 249 (shown in Fig. 24). The female O-ring attachment profile
may have a maximum inner cross-sectional dimension that is just slightly larger than
the outer diameter of the O-ring 275. The female attachment profile 249 optionally
may be slightly non-circular or pointed, as well, e.g., may have a profile similar to
that of the actuator's male attachment profile 274.
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[ 00195] As will be discussed later in greater detail, it is desirable
to rotate the device wthin the renal artery after the thernal
heating elenment is in contact with the vessel wall. However, it may
be cunber YoP018AWBIZWKwWard for a clinical practitioner POTUSAY&ItHE
entire handl e assenbly at the proximal end of the device,
particularly given the dinensions of the renal anatony. In one

r epr eseni@@257 entdpeh meating afsthehopweri molEings 242 Ghdathd tbﬁBr Holuging 244 to

roxi mal .end,of the shaft LS. cqQupl e o the,.han e

B ot at of D54% pieSediRrembR, 40 C4BeP Rubsitug gy infapeaaais o
Fig. 16B)attedlim9ﬁ?ﬁ pmsme 249 cofriies G@Weﬁ|hdd§ﬁt@neh48§ncﬂ ow&rdtmﬁ rhdl8 O-ring
distal end of the handl e assenbly The rotator 230 can thus be

rotated Aft2¢fBen; Biokie 44 foth?h%ctyﬂﬁﬂlzéoas%%ﬂﬁ agiuaion rosiivaed tdigally
rotati onrghtijd o and! o RRRE R U nBRL- tfﬁ%orﬁ&l;@u%rp%%é MBhd SRt 4 %I %)gr‘?%g&

force transmtting sectlon 30 is atta 0 a stationary coup
on the réttaclonent3erofies aprietarably aree copcanisc, Z86h ( teat Fing. Q-6ig sisoirs)an

ent i o el ﬁ%ﬁ%ﬁ&té@af@ G shBIRCS $ Bt Cr of : Ele Pandl 6 asserbly
or oxi mal 105881 on A1 i acRafil EHoCerd s 05168 Yafar Furd 9L paefonde 2

in one hmnﬂeapld)xlm\alt bo§|h6n Sﬁmnothajla‘cimaﬂtchhﬁﬁ@ 280p|the dadtQael o NRlale
force to otato ?égto rotate the el ongated shaft 16. This
allows th a %Pait 8P°f‘[eo 8nii ORGSRy C%‘Eeéé%%d‘“%F ecinerohousing’s female

defl ecti gfiachment profile 249. This may cause engagement of the O-ring 275 between the
relatively pointed sections of the actuator's male attachment profile 274 and the
lower housing's female attachment profile 249. Such O-ring engagement increases
friction, which may provide tactile feedback to the caregiver and/or may provide a
friction lock that temporarily maintains the rotational position of the actuator 260 (and
thereby the translational position of the carrier 280 and the control wire 40) relative

to the housing assembly 240.

[00259] As the actuator button 270 is rotated proximally within the actuator
channel 250, thereby proximally transiating the carrier 280 and deflecting the
intermediate flexure zone 34 of the distal end region 20 via the control wire 40, the
intermediate flexure zone 34 may convey a restoring moment to the actuator 260
through the control wire and the carrier. The restoring moment may seek to reverse
deflection of the intermediate flexure zone and rotate the actuator button 270 back
to a more distal position within the actuator channel 250. The increased friction
provided by engagement of the O-ring 275 may counteract the intermediate flexure
zone's restoring moment to temporarily maintaining deflection of the intermediate
flexure zone 34. Alternative friction and locking mechanisms known in the art may

be provided.

[00260] As discussed previously, cable 28 of system 10 is operatively attached
to the handle assembly 200 and electrically connects the thermal heating element
24 at the distal end region 18 of the elongated shaft 16 to the generator 26. As seen
in Fig. 25, cable 28 passes through a proximal lumen of the handle assembly 200
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[ 00198] Since there are cables and wires running fromthe handl e
assenbly through the shaft of the device (e.g., actuation wre/cable,
electrical transm ssion wre(s), thernocouple wire(s), etc.), it is
desirabl e @ doigmw71760t ati on of the shaft relative to tHHESFUSHPESIPN
order to avoi d unnecessary entangl enent and tw sting of these wres.
The handl e assenbly enbodi ment depicted in Fig. 16C provides a

r ot at i onatorhiedli thicighepoxiend! dtaaimdelief 202t Anc the ddusing assembinBédiimtenthe

the rotator 230 jncludes,6 an axi groove 6,..and t.h IS rt

of the. hauporagh die st assRibis o 86 (abls g TerripRgsehiny R hadds

hel'i cal chagnsbly kRt isfeibatiball 2corpRelid B AlessbNe SappIgtwied 201 Thaaupply

nmetal or a polyher is placed™within the fittin I@}lg ;‘%@é@ 18 so, t hat
(o]

it, upon WBR)ieaMVey taRiTERE RREIDY TR SFIAIFIPA OERNRIME!
the hel i CRLafiifBiRflent 3 dAlidritanbhil digt BhPORAEE kS s3nsor3Ioa@et Fys. 9
of t Il nd of

axi al groove e rotator. \Wen the ball 122 reaches the e
t he channehdaty/ euctyeecare, ot IoreaEmperaturente..0fagrMmaesyvRleafiagrmistor, etc.),

consequent | the rotator w. et imbfd t
Chat i rotopesEnceobsSpd, el fk SsRePranE ity Mest pRAmal o
118 can ber e4thini toe tiesiniad haitingvelément 24 ang conmected tebthe sopplyewicd(a)-i ons

for the shaft, given structural or dinensional constraints (e.g.,

Wi resl) : ;n[m)zlfﬂlil]fpopﬁmhfeﬁiboﬁhﬁ?ﬁn@!ﬂﬂlge 2afssf:ﬂbr29 Ammc@mgnpm%@mfmo s;ur;pply
exanple to allow for twy rev ions o Ne_.s i ndepen

handl e as¥4#961)y2° Mian?'fquﬁgbqaég;;'#)onﬂeweYﬂeﬂsﬂMJ &8 W@P%‘ﬁ?cfﬂ%ﬁtqhﬁ r?ﬁ@e
of revol ukigRe i@y Ry HEHRYAS: cdiieck P ife stabP@pﬁrﬁée‘syizm ahber lthatedre
| engt h of the helical” channel 120 as a desired

. de raction or ltiple
of the insepPlyiwice(a} raynewend prawmady wikin 3% caRler R RIPEME [&f ta¢ R\%@Q'e
axial gro ' r&gnl% Il SRe] RYal
be about %\\/émg%réa&héé@'g;h%f talgﬁp%:u erethge of rér{é[[ gtga"r"ﬁ%g(t)?i n tlhea@i?égjidni t v
of axial gtenimal tdfectidddd tHeoredlid 28o0iIn atiditomte eleetrigallyaeori@sting Bessupply

ball 122 (not .sh ) y be .posi tifQped wthi h i al :
spaced apg{\‘“ie(?)rtfﬁrﬁ? I?@B% Fg?u'gg?qr%@, g%*t?@??h]‘f ﬁjaa[& (teqnnzﬁi"a%dﬁJ @p%ﬁ'%ﬁ |one
travel s Wdrmdret dieuhefdrcadntehiagnaleatding pateedg ap atiervisenintdractingrwih the
ball. In such an enbodi ment, the additi% al ZﬁJ l. w? | d Ii.gﬁ] r%tation
in one di tE@StMent sRsaY dalveredivia 9IRS gr?é"d P'gta ?fﬁé‘sm Ry thepHRRY
the first hald) meHlahistaif-fochRlddddn@Br.i n the other direction when that
bal | reaches ‘t'the other end of the channel. In this manner, the two

bal | leflndd47i t L . .
all's wou ééoiezg‘ inohe éngéebc?@@ge/ﬁﬂtﬁﬁrelflgé.aﬁs?rhoh@un@fhs«%éﬁmb# 20U EBmMbRSSs bhRBr

woul d ot herw s€ be provi I near |length of Helical channel
120. [ 0020091&s tdnawub epath dieatred et Sa tifough |whieh diebter i2Beid ravted ddioerto its

detail | at . i X I i . i Ak
the hand: S ntoains 5t SBEAF BeRL 20877 Rlathof ZF8LAHY HREyGE S, BRI fiEheh to
el ongat ed rabwafttcable 28 wihin thébousisgasseniely 2dfatithaut rquiringsecoadanyifixation

th te t tor 260 he . hangdl |

Eon IeR PR rribds BS hodtiRe. & nEe s iR fifieh 3SR pé igeRio that
inter ”Edizgig%oﬁdiﬁlﬂ@tiéﬂwe%tiv&l ema IRy prRidesian FuReernagrer ather trhechanical
r ot at or on

e handl e assenbly 200 (see Figs.. 16A a 6D) to .
apply a r dPelts 8riel) 2% 8rctie caFloRYe '\_%Frdfﬁéageaogﬁmsef@*ﬁxe%ﬂ@jfh%@'md 's
of the el anERicREd it tHEnItERy BESerhpile24ERI AhRarnbP Mt Hréqigesferméval of
deflected wthin the respective renal "artery rotates the thermnal
heating eltbenstie/seveifiom the hausingsprsembly alshaay e pyideda Girgyitiooard 290
easier to ' NLacte W4k I ] f
Chere i s vt MEYRERRBE ikl WA nAGSRT et Sl ARIGITREY B QuathEl 1BTine
angi ogr aphousirigsasskeimbéit Viarsecondary fixation, such as adhesives.

[00263] Supply wire(s) 29 extend distally from circuit board 280. Along with
contro! wire 40, the supply wire(s) 29 pass through a distal lumen of the handle
assembly 200 formed through housing assembly 240, rotator 230 and distal strain

~72-



[00201] In an additional aspect of the disclosed technol ogy, the

handl e assenbly 200 nay be configured to mnimze operator/caregiver

handling of the device while it is within the patient. As shown, for

exanpl e, WOPRIH0781BD, in Fig. 23 and in Fig. 24, the hagouszaseesdl y

al so conmprises one or nore surfaces 243 that substantially conformto
the surface beneath (e.g., operating table). This surface 243, which

i s shown relef [204s thest alongahe elddgated shit .6 %mrommnaahmenriattheeélwgmeed

d, | ed di t d/o
geonet 1y SBFR e Ptk Rendif PRBEDR, 200uArof Hhrg Y RaleE Sargofhas oEne
the cli nembammeswéfonet@ csegledtprexihanglie remsenddy afdier & alkkts gfﬁéﬁﬂréli&?
treat nent within the patient. In order to rotate the

devi ce nggg? &@“Ft?ys‘iod@emtét%ht ient, the operator can sinply dial

the rotator 230 without any need to I|ft t he handl e assenbly. Wen
t he oper EQA64)esiAeBraviousit hackionsse itde desieakie fo mﬁ@teéqﬁ@mtaltef@mem%o

the opergj ﬂ{ehélﬁﬂ%étbmélhlé Sﬂd glethkrt?eaﬁrﬂ@ﬂ]ﬁe\ﬁées ?ﬂ‘% |r13{ %W%nhpgrt@rg%ﬁ@ Bhe

surface to t Xt position :
i njury dttermal bpaling elemant &4 lerlncmetadhamhﬁl h‘nag«eséelt\hall t Hestaventit may be

devi ce. tonal Ly or alter at|v l.ower  surface,can en
t he surf%‘gbéFF%gfen@éfj a‘ﬁ'g\fv%\ r ﬁs Yd@(t% ‘é't'Oaa%é%lfeé?e SP% entire' hamdle
[ 00202] Addsemupzﬁooemmpmmﬁ@mrtdbﬂthe degicati2g amglbﬁ;a gs/endhé elimsesfions
herein in Iude provi din %{actl | e and/ or visua edback on the

o ot Hondl e terBh e RoMken 2 JBs dostor il welie, (o dne, fossian assRTEY
and care2ip da@fseéltﬂe élBﬁgét@M ! %ft TBetor %tﬁ@%b&@p |t§48n@;|m§h %%cus without

sel ectively locked to the interface, thereby preventi

r ot at i onfotgtion ﬁétf‘@pﬁamlerasﬁﬁ@hb(s%% (ito) wutlnqné roteélen rﬂfr‘ihe dh@vlslﬁg asseanbly
partlculgadpngular position. Another potential enhancenment includes
provi di ng st ance narkers al ong the shaft/handl e assenbly to enabl e

t he oper o] t reat t devi ce
" coper Bl o, 396 PhThaNGE HHE BRAT AR A PSP Rimll Bl
Fl exi bl eth@chwﬁngﬂaesemb@ezzio [i@ﬂﬁtﬂjrﬁu@@epehﬁénamiatmos hceNemmgated shaft
represent tive enﬁ) che nt of a eIo ﬂ?
at|ve to't ousing assem ly mig cause the wires to become significantly
twisted about one another and/or to break. With reference now to Figs. 28 and 29,
interactions of the housing assembly 240, the rotator 230, the outer limiter ring 220
and the inner limiter ring 210 are described in more detail. These interactions
facilitate independent rotation of the elongated shaft 16 relative to the handle
assembly 200, while providing a rotation limiting element that limits such
independent rotation, thereby reducing a risk of control and/or supply wire

entanglement or breakage.

[00266] As discussed previously, the inner limiter ring 210 is positioned
concentrically over a distal portion of the housing assembly 240, the outer limiter ring
220 is positioned concentrically over the inner limiter ring 210, and the rotator 230 is
positioned concentrically over the outer limiter ring 220. The distal portion of the
housing assembly 240 comprises cylindrical segment 254 about which the inner
limiter ring 210 is concentrically positioned. The cylindrical segment is of reduced
diameter relative to surface 241 of the housing assembly 240 just proximal of the
cylindrical segment 254, such that proximal surfaces of the inner limiter ring 210, the
outer limiter ring 220 and the rotator 230 abut surface 241 of the housing assembly
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shaft 16 that includes a proximal force transmtting section 30,
proxi mal flexure zone 32, internediate flexure zone 34, and a distal
flexure zone 44. In this enbodinent, the materials, size, and

conf i gur at ix@oedfortire _proxi mal force transmtting secti ACTARB2003/063841al
flexure zone 32, and internediate flexure zone 34 are conparable to
the respective counterparts described in the first representative

enbodhzenizzm [ W%@é]ddbmtmh?ts ma@gﬂhmn prlta?wmmanstnatien aif shalinrfer dixites ring
Zone is size an conr.l t t '
e bre B1Rcbe aulbrdorier aatanalr e Bl B3 o AR R RE b Soe pasetly

is sized apg configured to be equal to or greater than the
i nt er nedi at e flexure zone 34. The total surface area TSA of the

active, f (ﬂﬁﬁ% %épe%n%(?er' § Ihhérrlﬁf‘rﬁi‘t’er‘ r"hé:]’fﬁﬁ%ﬁusﬁ@ghhﬁ@fm than an

possi bl e activ sur ace area of | ectr I's increased as

wel | . [ 00808} Aliaroeter mfttheshcmrrmwgmly st pdingdrigal seomengdydesuehdhat the
active flexible S 1k | S

di st al fIEQ@Fé”%ghgﬁéﬂﬁgggﬁgﬁé%ﬁou |EQ®%£$&ﬁgg%c&kék§%F ;ﬁ%?e Sheihise,
sel ect ed thatneridiaradigr of tre d:wmdnq:mlpbrtr@ ofhtbe detdrrisniter Iriggi 3201 is dyst stghdly

electrically conductiyv ct

flexible 8 hhéfjﬂﬂg?ufqrsds@ﬁ?{ é)f ‘?1&’ dtrlga @é{ﬁ@ﬁ r%?gﬁeose bﬁrgﬁgfﬂﬁéjmo
t he vesseky¥midat thdreueBYinditer ting rmawm”ta@sctmehﬂmealgoalsmhltbe aotar Vieniter ring.
surface area of the electrode. The active flex e e :é:gﬂe 90

al so mor eFinadyi pY igeeN digmelengl fr Bk Rﬁ’@é‘gbp Gadthg grﬂtg
vessel lr;'reeﬁgraﬁ'mﬂna betérna%éﬁl%énmt@ﬂ B afe bb’@rfhﬁft@ﬁfimgxﬂd gdoagaitals 224,

t he vesse as t e electrode 90 is placed into side-on
rel at i onssuph fiat the tetatoeseyrotate concenlicady .ab@ut the eufesiliniter B89+ ode 90
can thereby be considered nore atraumatic.

2010/ 0781 7602BR] USZU&0/ geBaiic] Goat®)ration hef | harm:ﬂer gesemblyh A datilitates
the acti V?rﬁdefpleﬁéér?tl r%taeffo‘ﬁcéf tﬂgef‘o%(t)orfﬂd Féefétlve to the housing assembly 240, while

constraining longitudinal transiation of the rotator relative to the housing assembly.
Via its connection to the rotator, the elongated shaft 16 likewise may be rotated
without rotating the handle assembly 200 (i.e., without rotating the housing assembly
240), while translation of the handle assembly also translates the elongated shaft.
The distal portion of the housing assembly 240 comprises housing shaft 256
(located distally and of reduced cross-section relative to the housing assembly’s
cylindrical segment 254) having lumen 257. Rotator 230 comprises rotator shaft 232
having lumen 233 and configured for positioning within the lumen 257 of the housing
shaft 256 when the rotator 230 is attached to the housing assembly 240 to facilitate
independent rotation of the rotator relative to the housing assembly.

[00269] Rotator 230 optionally may comprise one or more rotator elements 234
that engage or rub against cylindrical segment 254 of housing assembly 240 to
provide tactile feedback to the caregiver during rotation of the rotator relative to the
housing assembly 240. All or a portion of the cylindrical segment 254 optionally may
comprise a surface pattern or engagement features 255 that interact with the rotator
elements 234 to provide such tactile feedback. For example, the surface patiern
255 may comprise alternating segments where the radius of cylindrical segment 254
is slightly increased then decreased. As the caregiver rotates the rotator 230,
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desirably includes a distal region that is tapered to forma blunt,
atraumatic end surface 48. The end surface 48 can be formed from
netal materials by |laser, resistive welding, or nmachining techniques.
The end siY® Hd&0BE5can al so be formed from pol yner nat @ETEB0NG69334
bondi ng, lam nation, or insert nolding techniques. C. Third
Representati ve Enbodi ment (Distal flexure zone Includes

Subst ant iregistpse slighilyl inpersee Whiledhe Gd@)or ¢lo0R0®R B34 dravada thadndéBsed

el udes SRRy o RaYfisr R Il e R SoR Bl BuBoPelsrihu B crarerse

zone 32, tramdieareasearanrameaéreségramee Zhbse Hhermthgaseragmb & MeUkarface
zone 44. & #g enbodl nment, the mat %(EI als, size, and configuration
of the pPBYSTHaFST G1aYelrRYCISR MOV Ryoul SegRients aBPyxina-waircpmisignee o6 tee

32, and bwr@rnesm@grﬁeﬁt@aqur qfhé%eegwer%sy%%mt%ﬁ-aﬁé Sadife %ﬁbﬁ@@%?&ﬁéé‘c?

counterparts in first and second enbodi nents. [00208
enbodi neﬁtlrmmmv@rﬁ oftthe raiadaraglemesta 2@4 Aoyt de iaeratieg segthents of the

configur ggr&& Pé‘triér?ﬂoc FAsSORbAR tﬁé |d3é I?é@ﬁ ér?@larogot | '(ﬂ’qﬁ% %?A&ggfetg dHaft

el ectrod atron nore ma ace
end. | n fAi slrenbemepmstentatrhe einlsocameht ebhermrianeepéﬂerahwﬂmmﬁ\h@es tactile

erX|b|I cteristics of the dis flexure zone 44, as

pr evi ous %5968 @ f% krpﬂs@?%l?%tweeﬂo Gﬁ}at'nehéeam@% ('#I HEEesyrRnd
44 is si gegreased mﬁe@w edery04Her Pof rfélfaﬂlré/ retiish BAwkB8 the housing
intermediate flexure zone 34. In dianeter, the spherical active

el ect r od8SEINplY 240284 the relatarg3de thaushrsuch daelile fasdbaciy plternativaly may be
flexure gpAgicion SR Uirel BYHEbIADE SlaadR! fl exure zone 44 can

pl ace the spheri cal eI ectro Into contact with a great er tissue

ar ea, I nefiea t St

el ectrod@d%t?gl')zw In t Q)r %\Erg@ﬁ%}[ﬁgé ré)(ﬁ;rgﬁngn@a ﬁﬁg@h S arfwgﬂflaéa%raend

zone 44 d@mtrraabhystalrtcanslﬁlsneofdhetnanerrinargtemmnghmo EBd;‘bapareedlrrtfterfrmgrﬁm

bl unt, (] e The urface 48 can be fo

from met 3 Igtﬁ‘getgrtﬁglr aﬁ%}'%ggs erel%élgmg qﬂg ﬁi@“on of tﬁgmpﬁlpgdassembly

t echni queso rahm@thrd@t@e ﬂf&ngt@ﬂoralwcoh@ﬁoﬁ@ih sei@IP P40 YélBlive to the

material s bty b%ld nég r’P nati on, insert noldin ? t echnj ques.
rotator 0 a dmona lly or aternatlvely may be consfrained wa engagement
elements 235 that extend radially inward from rotator elements 234 and sit within
reduced diameter cylindrical channel 259 of the housing assembly's cylindrical
segment 254. The engagement elements 235 may comprise one-way valves that
allow the rotator to be press fit over the housing assembly with the engagement
elements 235 locking into position within the cylindrical channel 259. The
engagement elements 235 facilitate rotation of the rotator relative to the housing
assembly while constraining proximal (and optionally distal) translation of the

housing assembly relative to the rotator.

[00271] Rotation of the eiongated shaft 16 relative to the handle assembly 200
may be limited in a variety of ways, e.g., may be limited to a predetermined or
optimal number of rotations of the elongated shaft relative to the handle assembly in
a variety of ways. In the embodiment of Figs. 28 and 29, elongated shaft rotation
limitation is achieved via housing nub 258 disposed on cylindrical segment 254 and
abutting surface 241 of the housing assembly 240, via inner arc tab 214 of inner
limiter ring 210 that extends both radially outward and longitudinally proximal of the
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[ 00210] The spherical electrode 92 can be attached to the distal
flexure zone 44 e.g., by spot welding, l|aser welding, or soldering
techni ques. The pl acenent of the spherical electrode 92 along the
length of toexedimesms flexure zone 44 can vary. It can RE/R2H0O334
e.g., in the approximate nid-region of the distal flexure zone 44, or
closer to the distal end than the proximl end, or vice versa. |V.Use
OL the Sysjimariéallpari@vesthe ianeDimiteraing, vizebutec takn 824 10f opteadianitenting 20
t he Treat ' ;
red t art]tex%\éls (ﬁaedially outward and longitudinally along the length as well as proximal
of the cylindrical portion of the outer limiter ring, and via a rotator tab (not shown)
that extends radially inward from an inner wall of rotator 230 at or near a proximal

end of the rotator.

[00272] As described in more detail below, caregiver rotation of the rotator 230
relative to the housing assembly 240 may cause the rotator’'s rotator tab to abut
outer tab 224, limiting further rotation of the rotator relative to the outer limiter ring
220; may cause the outer tab 224 to abut the inner arc tab 214, limiting further
rotation of the outer limiter ring relative to the inner limiter ring 210; and may cause
the inner arc tab 214 to abut the housing nub 258, limiting further rotation of the
inner limiter ring relative to the housing assembly 240 and thereby limiting further
rotation of the rotator relative to the housing assembly. As the elongated shaft 16 is
coupied to the rotator 230, rotation of the elongated shaft relative to the handle
assembly is thus also limited.

[00273] As best seen in Fig. 29, in the assembled configuration of handle 200
(i.e., with inner limiter ring 210 positioned concentrically about cylindrical surface 254
of housing assembly 240, outer limiter ring 220 positioned concentrically about the
inner limiter ring, and rotator 230 positioned concentrically about the outer limiter
ring), inner arc tab 214 of inner limiter ring 210, outer tab 224 of outer limiter ring 220
and the rotator tab of rotator 230 abut surface 241 of housing assembly 240. As
discussed previously, the inner diameter of inner limiter ring 210 is just slightly
greater than the outer diameter of the cylindrical segment 254 of housing assembly
240 about which the inner limiter ring is concentrically positioned, facilitating rotation
of the inner limiter ring relative to the housing assembly. However, when the inner
arc tab 214 that extends longitudinally proximal of the cylindrical portion of the inner
limiter ring 210 is in rotational alignment with housing nub 258 that extends radially
outward from cylindrical surface 254 of the housing assembly 240, the inner arc tab
abuts the housing nub; this abutment constrains further rotation of the inner limiter
ring relative to the housing assembly. Note that housing nub 258 on cylindrical
segment 254 of housing assembly 240 does not extend radially outward to such a
degree that it interacts with outer limiter ring 220 or with rotator 230 (i.e., the housing
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[ 00211] Any one of the enbodi ments of the treatnent devices 12

descri bed herein can be delivered over a guide wre using
conventional over-the-wire techni ques. Wien delivered in this manner
(not showtjO 2${@"8EISongat ed shaft 16 incl udes a passagePEF/US9p$9334
accommodat i ng passage of a guide wire. [00212] Alternatively, any one
of the treatnment devices 12 described herein can be depl oyed using a
convent i BHAI0gRINGE exland deypnd theppdet diemeater &b cylindiisa a@ﬂﬂeﬂoﬁfl@ﬁlmner
00213] gui de catheter 94 (see Fig. 6A), the fenora
grtery Y\Eﬁg%@@;g‘l nd cannul ated at the base of the fenoral triangle,

' . . h d
1 e ol o e SISC BRHUEY prelioBRf, SRR BRE " Ricioys ot “Beiony
i mage gubﬂmmeutdnrlnﬁ@ln rtrige2f(é][|m;tmlt stightr greaitart mahhheiddticd'ﬁma;éwoﬂﬂ%
e : J ,
cat hot er OinnEe dkdZr brSinnenbinler Hod 2ol sPisreink cxlodies! merign of
artery. fHeeogwr dniiriihg % bbm"emmﬁny asbsitidnkar %I!tdﬁd rotétuﬁr?'&ﬁ Jh@%tﬂér

catheter (shown in Fi 19A), which'i's specifically shaped

conf i gur ¥t %H‘%'@‘é@é’ego ﬁ@n@meahméwmg: dnoweversihe Qtﬁemtdlmnsetﬁrgofanner
gui de wi rtershh{;lzﬁ LerRRH 4R Yab tztiﬁ fsrgl%taf@?nﬁaqefﬁec&fé?rh|Qr‘r31e{e9u8fegwe
fromthe enoral’ artery to the renal ar usin

gui dancecyindrioal taestian oh@eneeer |ihitest ripgi aeel&cta‘ﬂgt ’é’le oQtG@M]dWmeteaof the

d |
Ol eoalOgt ik aty 0 ding GFREF ok L2 F Je M ARRIRD R S0 li8r aifeter
af Ol’h enmendf thaexyl:nt?'ioanormoFQﬁIﬂm quies I:mftex('j kieg Qse?tgbtghlgnegﬂ%rﬁr;agg Zetg?d)ﬁre\ot
t ery just dis
Canar o larpe! Wik e G 2505, ke kneh dhe il annge Gieatab 554,
cat het erwhi&thx‘térﬁisr|6ﬁ@ku0%éll?@10nd%ﬁ§ ptr@ﬁmfaf 8RIEESLte AfMitECrin s Eg?ﬂ?gbb’

positioned within the renal "artery gui de catheter 1s retr
f r om t heP9'&QR) isdp tr@wyonaﬂtailgﬂﬁtenéwbnﬁ\ﬁann%roamatab 12 4t ofi the appardiauiter ringe

gui de cayNetRE iR UMeP Find'?RfePIY tab 214 abuts the outer limiter ring's outer tab

224; this abutment constrains further rotation of the outer limiter ring relative to the
inner limiter ring.

[00275]  Again, as discussed previously, the inner diameter of a proximal region
of rotator 230 is just slightly greater than the outermost diameter of the outer limiter
ring 220 at outer tab 224, facilitating rotation of the rotator relative to the outer limiter
ring. The outer diameter of the cylindrical portion of the outer limiter ring 220 is less
than the outermost diameter of the outer limiter ring 230 at outer tab 224. The
innermost diameter of the rotator 230 at its rotator tab is smaller than the outermost
diameter of the outer limiter ring 230 at the outer tab 224, but larger than the outer
diameter of the cylindrical portion of the outer limiter ring 220. Thus, when the
rotator's rotator tab is in rotational alignment with the outer limiter ring's outer tab
224, the rotator tab abuts the outer tab; this abutment constrains further rotation of
the rotator 230 relative to the outer limiter ring 220.

[00276] The abutments of the rotator tab of rotator 230 with outer tab 224 of
outer limiter ring 220, of outer tab 224 with inner arc tab 214 of inner limiter ring 210,
and of inner arc tab 214 with housing nub 258 of cylindrical segment 254 of housing
assembly 240, limit rotation of the rotator 230 relative to the housing assembly 240.
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configured to accommpdat e passage of the treatnent device. For
exanple, a 6 French gui de catheter can be used. [00215]1n a second
exenpl ary approach, a first guide catheter is placed at the entrance
of the renaloamw@syrs(with or without a guide wire). A sREISVIOY(IHIE
catheter is passed via the first guide catheter (with or w thout the
assistance of a guide wire) into the renal artery. The treatnent

devi ce i s Qohenued chregiver aotalien s dbadogterd23 in egiven idireetiarheelataigalo the

t the t d t
enal ”ar {DPySTR eSO AL P s e 1B o EpHE Bkt 4 22, rhllg' Dner
first gﬁl fﬁaﬁt}?ﬁ B?:tl@é rgﬁatdrhlﬁ tﬁ@tglameilrb?trl]ci?eelammto tvd gu;er Iirmfjetrmm 220;
appr oac e first and secon cat he ze
Cgﬁfl gur eéFW%ﬁ%@@WdﬁP@%é@@g q@f'”’f‘?fea@ %%334&5? ﬁgg g‘é{ é'trgtta?%%
the first 4 rqﬁm?trﬁﬁ:} 1 tHd tgﬁ/en éli'l,ﬂ:tlbﬁ”r%fatl%aﬁeﬁhérlnﬁér liméef Irlhth'E!l?lahﬂ
cat het er shoul d reater tthan the outer diameter of the s

gui de cat neuaeS)themereﬁ(aﬁﬁﬂ 814 tmabef tlhgthog‘ﬁlr@@%?%tl@'t‘%mr@ebg)tﬁnon of
MG nﬁ%fﬁﬁ?ﬁﬂt |hlfr‘ ﬁcﬁ%l%“ gﬁe&%ﬁh%ha‘ﬁ(/ Q@%éjh&‘?:s %]Eﬁ%ﬁﬂy'ﬂo and

size. [00 exe roac
a renal glﬂnetebymtriﬁ&tgefurmer wstapomaﬁtbaefdtahm ini thet giveralsireatiomrelaidie 0 the
just proxinmal, to the, entrance, of

Fig. 198, hPH%'ngraesﬁFPP@ Q?%éheift' r&%cgéb?tg 06‘e F%@eﬁgwptggowgatbp 230,

t hrough t hetagen 8ethealidirjzted SMafardativetto thd bandle essedblyas Husalselipitedhe
el ongated shaft nmakes atraumatic passage through the guide catheter

94, in rejoerng t OTHOFSREBRr 2P| ¢ rdtatet Agprbineel r@@sﬁmﬂtrtavmgt:mm Bogiven
30 through the handl e assenbly 200. The proxina

acconmodatdecionybeiore in rolgias,tab @byts theeoltghial et 8f erlen@UtIeé? WtPF BHQ 220.
renal art %Fdrﬁﬁu@@%t@ﬁér‘i ?f &ﬂbfbr%briﬁ th@tgf\/énh&ré&iﬁﬁ%fdté@meef)@lteﬁlllmlter

right renal artery through the guide cath ég 19B shows)
[00217] As rrgP2019ith Hisowigton Lmtll the euteptinderring’ @;auteé talpAdd ghutsing jpnerarc

di stal g [F%ﬁ% o?’hee mnéh E?ﬁi ﬁ]} [ﬂler SRR QB%HUB@ o?’fﬂ@ tdtdor 230 in

transl ate ena1 ery, renote | ected
and/ or rotiag @dlenrdlaemontrotatdseblomamm mnewlmhemrlmg]end éb@e!mar\}emteertmg with
artery to attajn pro nrrent

interior WR®|MOBIOnL H'ét)irt@%'éﬁf’r PEC S%kﬁa’zlq %l{’létrc’y OLIL—%' nmbtcgl?%ﬁf r&findrical

shows, theyghagt Alsaf bed Rodaing #kéeh@nd2400 pmmg raaytm&neratoterm @y the
heatlng el ement into contact with tissue on the |ntﬁ vv;%
rotator in the given direction. Rotation of the rotator in the oppo e direction can
proceed for an equivalent number of revolutions before rotation is limited in that

opposite direction.

[00278] The degree of rotation of the outer limiter ring 220 relative to the inner
limiter ring 210, and of the inner limiter ring 210 relative to the housing assembly 240
is determined by the arc length of the inner arc tab 214 of the inner limiter ring 210.
In the embodiment of Figs. 28 and 29, the inner arc tab comprises an arc length of
approximately 180°. As such, the outer limiter ring may rotate approximately 2
revolution relative to the inner limiter ring, and the inner limiter ring can rotate
approximately ¥ revolution relative to the housing assembly. Thus, rotation of the
rotator 230 (and thereby the elongated shaft 16) relative to the housing assembly
240 is limited to approximately two full revolutions.

[00279] As will be apparent to those of skill in the art, by varying the arc length of
the inner arc tab 214, the number of full revolutions of the rotator 230 relative to the
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[ 00218] As Fig. 19D shows, the conplex, multi-bend structure formed by
the proximal, internediate and distal zones 32, 24, and 44 of the
distal end region 20 of -56- the el ongated shaft 16 Creates a

consi st entY@QAUPBIT5abl e active surface area of contact PEBURRISS 098

t hermal heating el enent 24 and tissue within the respective renal
artery (refer back to Fi Thermal energy can now be applied

t hr ough ﬁ?ﬁésmé}SﬁambWe%&Og ﬁ‘@Yé?eer‘lﬂd t@@wdqwﬂd@@gmb@weenraéawhém| 3

heat i ng StoPha6d S
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pr evi ousIrgtatiers, cwhileeah atchiengtit claseé uIIObWoUIﬂiealmnheaﬂy Wflﬂlercﬁ@tidns) deklned
e thermal h '

the inte tefI xuezoe 2 | ps 03|t|ont atn
ol errent S P pBRtent o itk kit ja d8e PR iRy o ot il ene hes fther
usef ul weeparidwl 5 siilizingeadifop@l Miteidfs dritetabgeat ment devi ce 12 i's
delivered into the renal artery, as shown in Fig. 19B. Due to the

curve angoorgdgemesy ekt khen nﬁnﬁb @4l §8tatGHt Dgd prt:gﬁalﬁnﬁ‘ﬁagrt regﬁéé e

the treatnent device 12, the diStal end region t ment
devi ce i diatentdt thas rﬁ@aufﬁrsexarn@!es tpeatiely ebgnashwih tmwmat@imenw@a lat

when firg v, n er

Once the %Fégférﬁd r%hgfﬁ Q@Iogﬁ&;ﬁ?afe% é]'ialfgurgéed Té\,’[e @%@%st | &Y ﬁsﬁﬂﬁ %eﬁor
of the maBhto mmﬂltoatheemr}entatm ofgbeanairelemynm# Brd/or tdmonitbretheritigde of
flexure ne. 34 atuator 260 to position the thermal heating
el ement Eoﬁaﬁ 81’%83?% al Mhe vessel wall at a nore inferior

| ocati on, as shown in Fig. 19C. This deflection of the internedi ate

flexure ¥Hne Bddidstaidlinkatbseabf thedditeotedAd praisedellethids dntes ditetal
flexure zone 44, a stabilizing force between the thermal heating

el ement E02814Y vestheughahich of fesdistiosuriehia thisepedifidatiohirakited BMBNeakn
contact w @hllt he ves tor hen initiate

(' eat menbrdeI APORAREY & Rgney o2 BRIRdo UK FURRY SHOlF Srantenaue!
t r eat nentoMENinGatiBh RO Withinta Fir@ bib3E vfegéeﬁe !l reBAINFHeRy ], b Fdthtuses,
| ocatl Cmme’thods and systems described herein may also be used for other intravascular
treatments. For example, the aforementioned catheter system, or select aspects of
such system, can be placed in other peripheral blood vessels to deliver energy
and/or electric fields to achieve a neuromodulatory affect by altering nerves
proximate to these other peripheral blood vessels. There are a number of arterial
vessels arising from the aorta which travel alongside a rich collection of nerves to
target organs. Utilizing the arteries to access and modulate these nerves may have
clear therapeutic potential in a number of disease states. Some examples include
the nerves encircling the celiac trunk, superior mesenteric artery, and inferior

mesenteric artery.

[60282] Sympathetic nerves proximate to or encircling the arterial blood vessel
known as the celiac trunk may pass through the celiac ganglion and follow branches
of the celiac trunk to innervate the stomach, small intestine, abdominal blood
vessels, liver, bile ducts, gallbladder, pancreas, adrenal glands, and kidneys.
Modulating these nerves either in whole (or in part via selective modulation) may
enable treatment of conditions including (but not limited to) diabetes, pancreatitis,
obesity, hypertension, obesity related hypertension, hepatitis, hepatorenal
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[ 00220] The active deflection of internediate flexure zone 34 is
facilitated by not only operation of actuator 260, but al so contact
between a proximal region of the internediate flexure zone 34 and a
superi or r &g moel1ishe renal artery. As shown in Fig. 1BGI/U§299069334
contact region 124 generally occurs at the apex of the bend of the
internedi ate fl exure zone 34. This contact region 124 is in radial or
angul ar oQp@btﬂe@f!;a(smogulceab(gmummomﬁwsﬁsordbmutlrntahée \noyesh [synaiame, tand
t he contact between,th

g th erFB e(ﬂﬁgu ng. el enent 24 and vessel wall
fol | ow ngaél'@”"inglﬂnﬁdjr'ls% SO AP QP Pexure zone 34. The
Cher mal ~ hedASY ol SHaRRiNGlc PENEPGRORHET 10 & Shoky T Ee FH0E! Hbdhudas

at cont actnolRHOthel #deride\iRBs MG BREryORREyabEs thﬁcﬁlfyhemet Immrtdreaemenc
device to circunferentially reposition _the thernal 6{“ nl_?ﬁ tﬁgﬁe CB'B{‘

as shown igangiian andllowraneinsoeithe SHedenasante'¢ Prt%"é(

at a di ff%{“‘tﬂﬁul Blacr s%&ed}?éﬁ%] a?l%séﬁér‘ﬁ?} %Em&nal%oﬂimm@ thB&e nerves either
circunferentral rotation o hermal heating el enent 24 froma
first tredtmdnle (acat pan vamselespmwmodgﬂat@nb eraYoanate dreatpent 98 conditions

t r eat nent ctlo orre n e
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contact arfiPqUREog; gisctie yﬁi)mrc %éjysp?rqugmngp d@ﬂ'@}s&‘ﬁ required to
achi eve contact between the thernal ti nent 24. agd tt&h vessgh
val | To0I08TR4 caiuleraiatih HSreRt SncaBeE RS (TR, FeoNBY. Premiie)

be benefi o cﬁFc@tl@rﬂLthé’ diddfseaidiphritusd) Hidthods dhd Byﬁememhdafédﬂbe nskd to
heat i ng eI at or inthe vicinity of the internediate flexure

zone. Pl amh*eentreﬁtmteﬁbfr@r@dwﬂm 1RerinBerahweinion yraNaEYeSS®l- or proxi mat e
to the internediate flexure zone may enable the creation of a

thermal |y \ﬂffe%to%%oh?%%&rf@%o” at or around contact region 124

(i.e., th wall that is in contact with the

| nt er med 356 28518X Uk %é?ﬂfé%%a?ﬁ&}s\fﬁ%lkéénre@éreh@@tcf afyShppdralugRif tied @ReRbure.

and the second 't her nal | ow t he operator to create two
treat nent lpopedicleat thise tein cleidtes ein | deVigesarfar | avgnGi RERYYSiaTs sgnal

during a s 'e[l,%{aﬁo&gl%ﬁg thgf'raélh&fet@ et raoﬁfﬁ)é}:?ﬁ?t Ufhis kP EReS references

descri bed '8 confidurati he I'nternmedi at e
flexure zqo@pbﬁaraibawame\‘mbuemheters)Iamdl tneathmnpdewce&m genestl. t ethgespesidic

for treatnent .and in faci ting c I

el enent a:EeSFHBt'%ég%IerWa‘thﬁ&?ﬁésg ﬁqgg&fgftﬁﬁ ‘ngﬁnxer ?t&’pg U@t lgﬁééHe?&y
flexure ZO@Fa@nbﬁl@r Bkavipledf\itd Hppiratusebef it ¢i|bclssmregar d, partl cul ar | y
with respect to the constraints inposed by the renal anatony.

[00286] Generally, the apparatus comprises an elongated shaft. The elongated

shaft is sized and configured to deliver a thermal element to a renal artery via an
intravascular path that includes a femoral artery, an iliac artery, and the abdominal
aorta. As described in more detail above, different sectors of the elongated shaft
serve different mechanical functions when in use. The elongated shaft may be in

the form of a flexible tube.

[00287]  The term apparatus includes, but is not necessarily limited to, a catheter.
As will be appreciated by one skilled in the art, a catheter is a solid or tubular
structure that can be inserted into a body cavity, lumen, duct or vessel. A process of
inserting a catheter is catheterisation. The catheter, for example, may be an



[ 00223] Referring back to Fig. 7E, the length of the main branch of a
renal artery (i.e., fromthe junction of the aorta and renal artery
to just before the artery branches into nmultiple blood vessels going
to the ki G¥3NODSIBAL and the di ameter of the main br aREHUST0YPBA,
artery is RADIA. It is desirable for the length L3 of the
intermedi ate flexure zone 34 to be | ong enough for the distal end
regi on 20V@VasHdar Gatetae pyitals fas dnseptianpinteand daliveng thipugh eatnteavescular
| ocationgwjt hin the renal artery and, to be able to, upon deflection,
translate the thermal heating elenent 24 to the radially opposite

val | of Fdﬁs@ﬁga!T riﬁ?%@’ascﬁ%‘?@‘éﬁ{ mal belvia %%ﬁoFﬁ%ﬁg%ﬂliwgﬁrggawgp

of the nt er medi at e exure zone' s’ proxinmal reqgi

wi thin tte aora.a Thevpassage diagtks throegh menscgesstdter pbrcutdraaceslyi int the
contact at copt ct region 9\1533'4 s{ nc.ﬁ thﬁ Spex of .the benﬁl OLJ the

i nt er med Y PERY AL BARETOUIGNS Was ¢rs ¢ fREa-BIq ithex tag etk qr Fight
that is kgl laptesy. WotHigl cdefpriees an triﬂa&aé@nage%étﬂdﬂhéﬁ,o%rsCH{iMﬁ{ényqn@d%e
make it difficult for the operator to reliably achieve wall contact

at both BFESEI0aEPspREkIEANa] BEiaky FEor piheprenahdinad wesselsy, Fersexample,
practi capad@igeCihwvolgh ah InrEVE&ddY péﬂﬂecgﬁﬁg%%! %;g}stt t\fa%?ﬁ[g?%%ihﬂc&ﬁc!]%

(i.e., length of tHe renal artery) on one he Tocat | W

t he aort seesndt Naseuararegion dievisgdingefrom e dirst esatléreregionl. atl anweadudar
be undeziuh?mrf for L3 to be so long that a portion of the
internmedirate 'l exure zone resides within the renal guide catheter

during dj treat nent.s since the deflectiqn pof the inter iate .

flexure (55280, ¢ A SRS TGS 5Fie: Ton Srame ReDashe Sudrlo drae Tedrign
oper at or renal sAérdscamn thd adrgrie Suble atadrm@iR fuvdtioRQBluYdY §iIBhifBant flexure of
[00225] I n an average human renal artery, L is about 20 mmto about

9 , y . A
30 mm f r BMaRReraius & oTg8T i 93IRENKY ity the Eespertive Iafts righbremat agery;
di aneter_of the main branch of a renal artery RADA is typically about
3 mm to B988P1 7 Anfosse BaRsmitiing, eertionds sizgd ncheondiguras! teoprsisees seleotas)

it is degjopabhigalt ?gépért?’eg ﬁﬂgfaérﬁrcgﬁng@agéeg?@] OpAhalt 1Rolhh Lid the

certain enbodi nen particu s'In lrlﬁelatlv 'y "1on
bl ood veisarsinissing of dorciee veithin ¢y irdimvasauar 24th nmtorl exaamidé has it leads from

repr esenér?ta'cggss%mmo?&némrly %Ieﬁa& rl?g%tfl?ﬁr%g%%hg régBective iliac branch artery
and into the aorta, and in proximity to the targeted renal artery (left or right).

[00291]  The axis of the elongated shaft, as used above, refers to the longitudinal
access of the elongated shait.

[00292]  The proximal region of the apparatus refers to the proximal end region of
the elongated shaft. This region may include, for example, the handle assembly and
the force transmitting section of the apparatus.

[00293] The distal region or distal section of the apparatus refers to the distal
end region of the apparatus; the end of the apparatus that is furthest away from the
handle assembly. The distal end region includes, for example, a first or proximal

flexure zone, a second or intermediate flexure zone, and/or a distal flexure zone.

[00294] The first flexure zone refers to the flexure zone that is closest to the
proximal end region of the apparatus. The first flexure zone is equivalent to the
proximal flexure zone (see discussion of Figures 11A to 11C above). The first or



C. Creation of Therme Affected Tissue Rections [00226]As previously
described (and as Fig. 19B shows), the thermal heating el ement 24 can
be positioned by bending along the proxinmal flexure zone 32 at a
first desi maxkoaxd7ai7s| ocati on within the respective renafCHPIZEMNP3AL
Fig. 19C shows, the thermal heating element 24 can be radially
positioned by deflection of internmediate flexure zone 34 toward the,
vessel waptoximsl féxyre Y06 at poxihei, thehkandie esaemblyaer g Bresiapsmilting

el - vaploxirks 3 ehiar .
the vessePSel i g‘%hr""'a%:?’ﬁ‘f'@'ﬂ%eiﬁrf%ﬁ%‘? SROTROERS crctal 1 1exure sone 44

At i e distal flexu
dosi 1ot | E0029B0n oPePe BRI Eres P CRT JEr TR AL o a R (e o

flexure zgngogfnal detligct ThO prbxitrae settkinamaly| beximeble doendbleaindo be placed
rotation of the catheter, the first fopcal treat

( . . nt. can he .

admi ni st efrgg_thg@r@tg@rypwlognefgg, emmg[?g@ tpﬁcgqquﬂigﬁ%tp!eh%eﬁpﬂds adapted to
bend within a guide catheter to form a transitional bend.
[00296] A transitional bend that is supported and stable within the vasculature is
defined as a proximal flexure zone or proximal section.

[00207] The second flexure zone refers to the flexure zone distal from the first
flexure zone (or proximal flexure zone). In embodiments having more than two
flexure zones, the second flexure zone is equivalent to the intermediate flexure zone
described in more detail above. The thermal element may be supported by the
second or intermediate flexure zone. In embodiments having only two flexure
zones, the second flexure zone is equivalent to the distal flexure zone outlined
above.

[00298] The second flexure zone or intermediate flexure zone may also be
referred to as an intermediate section. The intermediate section may be deflectable
to enable it to extend distally from an angular junction. For example, an intermediate
section may extend distally from a transitional bend of a fiexible proximal section.

[00299] The third flexure zone refers to the flexure zone distal to the second
flexure zone (or intermediate flexure zone). The third flexure zone is equivalent to
the distal flexure zone described in more detail above. The thermal element may be
carried at the end of or coupled to the distal flexure zone. The thermal element is
positioned at the distal end or buttresses the distal end of the distal flexure zone.

[00300] The third flexure zone or distal flexure zone may also be referred to as a
flexible distal section. The flexible distal section may extend distally from an
intermediate section, as described in more detail above.

[00301] The thermal element may be any suitable element for therma! heating.
The thermal element is sized and configured for manipulation and use within a renal
artery. The thermal element is coupled to or carried by the distal flexure zone.
Additionally, the distal flexure zone is configured to orient a portion of the thermal
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elenment 24, a first thermally affected tissue region 98(a) can be
formed, as Fig. 19D shows. In the illustrated enbodi nent, the
thermally affected region 98(a) takes the formof a lesion on the
vessel waMO WHORBESr espective renal artery. [00228] Af t BET/DSR00H/088338 he
first thermally affected tissue region 98(a), the catheter needs to
be repositioned for another thermal treatnent. As described above in
great er @lemant algngside g eegipalslf dissiee, dhewmby pravidingl eonsistart tisesé castachat

are circ I ce I f nal
ey, HCEERALEN, HaRAE R PRL MRS rkCREle HEbrodlrR Plepya et
opt i onal Egmenbtghiedt tissuppihictémnstabitizing ¢herternekbdlemgne! ement

proximal ly along the | ongitudinal axis of the blood vessel. Rotation

of the e[0D392a] ed Theaddpat&iubrnay auher demphise aCsRDBA Théendl ShdnEhtGoupRid
serves tg) ﬁlgr cunf Er ent i al lél@ HOSI tion the thermal heating el enent 24

about th EfCORP Y NerPREiats RRXYRECRAI WHEEN P speansnthermal gement is
posi ti ongshiRfurét RACHIELL IS Atst (a r@glbﬁ%ﬁfr%rﬁénp'h@fallb%ﬂwe%gew thin the

renal artery spaced fromthe first=described axial position, as shown

in Fig. 8@ £ 9-Thed%id) 1ﬂe§E|%t hehe! eﬁﬁérﬂése%ém rnaf’ éggment from the

adm ni stere By repeating the nmanipulative steps Just described (as
shown i nelphg@tedmﬂﬂt Hn@&qalnleﬂmdlmtszaf té@dmﬂosma theegiparaey ereyl have

t her mal | ) 9

tho. vess P B e o074, RGP aREl 8 o e aRlEL My O3 ot the
with t heﬂémtﬁletstmbmremtdaj{eaéfreg:lb&d:f tlesgical rse@ltuon b@Bie@an thei tharridielermant
di st al and he sutbste en he # f¥ affecte ssue regi ons bei ng{
more proXidndiie resigo %@l %ga shaft.cyBerehy tel ﬁ‘?ﬂ]av?'@we@f i$ [pperatively
| esi ons éarpn@ﬂtdtﬁeséyﬁifaﬂxe b@y@ﬁmsqflabhréaéf&?é&g)m Pipk artery. This
figure shows that several circunferentially and axially spaced-apart

treat menfgp364) 9 in 886 @hbRBirdant, ﬁ\%rﬂlé’t‘a %ﬂﬁe $HRS I dr8kimately 2 to 5 rpg/n in

circunferential coverage and, accordi ngly cause a neur onodul at

af f ect tIQHQWe e@ier g dsnem:tsa howeer] mﬂeétstagéexme iangi cant be ashlang as
each Ies 4,{1 cover approximately 20 - 30 percent of the

Ci rcum‘eren ial ‘area surrounding the renal artery. In other

mch s B9 ool SObosToFTe SR I RAF < nd FRamERe R i s s

treat rren:fangevfrom a;o@r‘oﬂhﬂamvrﬁrmmtl@r Binir. dnheshér 8mdoaPhais, particularly for
pattern/arr ected tissue regions al on% 'the vessel

wal | of Y%%@ﬁ%r” ﬁﬁgw‘aeyv HO@d veseelsh ik length ©of dhe dpiesmegiate flexure
t r eat MeNforRPBSP 86 Nad IRyl é’se%.bbetr 20Vrhi Hh%rﬁtﬁ%?ﬂ&%n@' hbrléﬁ%tﬁe&‘t the

at each axial site (e.g 98, 99 and 101) al ong e rena art

| ncr easi Ripringeiate Aexure zgﬂepﬁ@rhmhoyt é?féefﬁﬂbd ti ssue regions along the
vessel wall of the renal artery using this approach WO

2010/ 078[008061T/ US> TBeK©EoBRA element Mayreaiseuplad t@ﬁrmebatst lar tsgcofid flexure

thermal | y5REOGKIPSihAE d1GHetheliaRehex bl Ditkst Pent ARl PLEXHS element is

configured to apply a force to the coupled zone such that the zone flexes in a radial
direction from the axis of the longitudinal axis of the zone. The flexure control
element may be carried by the handle assembly.

[00307] A flexure controller is coupled to the flexure control element and can be
operated to cause the flexure control element to apply a first force suitable to flex or
move the respective zone that is coupled to the flexure control element. The flexure
controller may be part of or coupled to the handle assembly of the apparatus,
catheter apparatus or device,



[ 00230] The rotation of the thermal heating elenment 24 within the

renal artery as shown in Fig. 19G hel ps inprove the reliability and
consi stency of the treatnent. Since angi ographic gui dance such as

fl uor oscopwmmhiyoeimvi des vi sualization in two di mensi oRET/US2004/0§9334
generally only possible in the anterior/posterior viewto obtain
visual confirmation of wall contact at the superior (vertex) and
inferior (ouddspm THe fbgureecaitrolrdlement Bod Bexuee i contralier peyt beipart of a

treatnments, it is desirable to fjrst obt |n conf.irmtion f cont
at a supefPBiolgeshanism gouplsdalo; tﬂ'ﬁ?aﬁ?&oi‘ eProxtnel; er f’ﬁ%m?; 8t2é)lﬂ chEhe

that the BR&BMeRSMiIEMIMAYL BABNHE td AERlE Cdrit@Her @ e et vi @ oorgrdi hveire
vessel wall until the desired treatnent location is rea

Physi ol oglaﬁadéﬂdicwwﬂﬂ tsthengisi@hged roslionel hen@sPeeiel @%nﬂ?%%@“ﬁ'&‘”re
th t
ensure A n&%lggéefyﬁrokﬁnérg ﬂjirahgfdororalé?]%%idﬂ aRE EBh§aEdCahAEIST the

rotation. arm oroscope can be rotated
to achi evapaarta&ﬁst/&wmglh@ cbapledéo arflexaien gontedller d‘oﬂi@afetm of @0 ZBAY PN or

22A to 22C ic images of the treatnment device

W thin a PaRA e ﬁ%@gﬁa§$rﬁ§'9an ani mal study. Fig. 22A shows

posi tioni the.treat e devi ce.and ther t] e a

a di stal Eagid%ntoll)?fég?i thﬁné'c l‘l"f}[t%rrﬁ\‘ﬁ it g@&%ﬁr%ﬁ%&éﬁﬁﬂh@é%n br

been def | egtRiflgt Bragl moglctub@rtmmsrmb durdrol Rareebacke s abélyi a aonrasgive

with the vesseFl wal |l and to cause flexure in the dIS aI gqure zonﬁae
e

44. Fig. 2o/04l BYARGIErceolR ABE FRYRIBH Aoureyrane f@ﬁéi endig-
of the i mé:gﬁ{aﬂ?é’ésweefdcréfwESmE%‘ﬁoﬁ‘{mtl'ﬁtHenoﬁtﬂi?fFa@@ﬂre&ﬁddéllir fb%s‘éﬂsﬁﬁhess of

wall inr or an ar opposition to contact between the thernal

heati ng eltl@er@ﬁxurampr\ee@@fhact q flexurg zopeEnch dhgrebueradialy snevRs Bie fare
t r eat ment ﬁ vﬁt‘ﬁ % ?ct'f’&’ft&o‘ﬁbﬁfiﬁtﬁ?ll afig eatment location fol l ow ng
Ira a

circunferen I on and~axi raction. Fig. 22C shows the

| acenent et
Plst “ai ot AP0t heﬁﬁﬂiffﬁ"?oaa"o%%%ﬁﬁe@ko@? GeiaMeboks 8o PRI iBbIoA Dy the
and 22E prslmgéeecalsabmgmmsbéIs:mdoandpcwﬂgnmglem sepi thei ﬂltgffnelse ofr biat hexwre
devi ce positioned for treatngnt wt n renal arter
Shows. t he 20nel e dis, R e BESREb T AalPBEac e Bterauf Yookt dnbars
simlar t%réﬁé@énti@ﬁ%ﬁﬂ' Spsttiahal BeMdihg tbemRetdxUre dong. (i.82Adirdotignal@2biased
shows the treatnent device in a proxi rral treatment position simlar

to that dedifResidd 4bdvePaisenta OPSERION: Bf they acksator, g flexure zone may be
2010/ 0781?5&%&:3%% ggﬁg 0%3§45th§@2§?éf§'eﬂﬁﬁl BRL&idnhe thecBRipréedld Bed/or

el enent 2 distal end of the internedi ate
fl exure zdreaddy foace @edr@eul@pgcﬂmctaa@alsww from ¢ defectiop obthe figraire

oper at or (L?%inggqagsn@ n%egpgné’é 8{"%@5@ axidlst Pesyb?thé”?lgﬁure zone. The

correspondin t1e At Y ocatt on o relatively position
t he treat rmhiatide\of d:lm tantrdi keressroesltd ineaase tite akal stéfoaap bethel frexusnzdne.

arteries aver en |sd iraple for the cI| r
to treat a hea% h’F)P%?eH\ﬁtémﬁs@ hige EW?I Z0he FRISHR hgadelng ZgﬁH% to
enbodi nentriovder 8 ptré@etéﬁﬁﬁba r@dliat BRedtiont idl rebpenee © Z R fér%ela)pﬁemny the
the operator can sinply retract the device such that the current

posi tion JeXHRCA®! BEMaat i ng el enent 24 is | ongitudinal | y al i gned

with the p05| t| on of the solder 130 in the previous treatne
[00311] The stiffness of each of the flexure zones, such as the first and the

second flexure zones, can apply via the thermal element a stabilizing force that
positions the thermal element in substantially secure contact with the tissue surface
during actuation of the flexure control element. This stabilizing force also influences
the amount of tissue surface contact achieved by the thermal heating element (i.e.,
the ASA to TSA ratio). In one embodiment, for example, the stabilizing force may



[ 00233] I n anot her enbodi nent, sol der 130 can be replaced by a
different type of radi opaque marker. For exanple, a band of platinum
can be attached to the distal end of the internediate flexure zone to
serve as aVQ zuP/eBatue mar ker. [00234] Si nce angi ogr aphi eCVAUSMad/dc2s84i on
of the vascul ature generally requires contrast agent to be infused
into the renal artery, it nmay be desirable to incorporate within or
al ongsi deause at leaat wemty-thedy perceat dithenotahdurdacepanet df dine ihefrmal elgment to

cont r ast ﬁglgtg%tg:eir}%gyégsﬁ%é)od stream Alternatively, the contrast

agent ca 0 the bl ood al ongside the treatnment device
Wi thin t ul ay space.between the treatnment device and e quide
at het er M @hgn PRI ke erdeerias bartayer caudipde 9 ki dardevone.
ther mal  qmgghonal Rathe detofd @R SsirdPlex@rdedie ! aRBaRbad feRirealOMENSBiéGlso
but below a tenperature of about 45C, may induce thermal alteration

vi a nodeFadRieAelst gy tharmehelempriet Theusarond Bexdreoelesien) dkasuimgchanical
struct ur g dahids ?r?éeti?'iégyrﬁr?ﬁdét@r Qééitiéﬁé?eﬁ%ﬁur% %‘Cﬁéﬁn%ﬁqg{ed%f)é@ﬁé}w & the

structures are a e tar get neur ers ar
per f usi opraxival fexyge iaenaeancficsinbérmedoiate diexate zomsuat. a Poeferrd ntmatment

St et of BLOSAEE T afBilekfre AERRL nBUELAAATR S fhllE slrvOfie:

above ab C ..nduce thermal alteration via substangi al

neat i ng BUARL ¢ At SErcieLmecoR et fpee e s TERTR, Ghdhe therma
t enper at diegsenTay ahP@larRl fhyo eeaidier Iner @ehgatedishhftf IMRrBefhaltdiément
vascul ar structures. In sone patients, it mii/t be desirable to achieve

t enper at OrRydlexd tonirgtidegieespprless thas erpayet tovdinetydegrers feora ithe peis.
vascul ar _structures, but that are |ess than about 90C, or |ess than
about 8503dA] | eshe firiblatstuctugp mayditiindhelfers of RehreaboauctvaEa polymer

Regar dl egge . thg &ééﬁgblgffopﬂﬂ%a(?)bgoc%ﬁﬁﬁriééhi A B&far & %{HlﬂHPSOIgHm%r thread.

t her mal neuronodul ation, a reduction i'n renal synpathetic nerve

act i vi t yTie Risnad) may bexpeeased. in or covered with a coating or wrapping, such as a
polymer coating. The thread may be covered with a polymer laminate, coating, or
sheath that can be comprised of any electrically insulative material, and particularly
those listed above with respect to the sheath (e.g., carbothane). The flexible

structure may further comprise a metal coil.

[00315] The thread may mechanically couple the flexible structure to at least one
of the thermal element and the elongated shaft. In one embodiment, the thread is
routed through a proximal anchor, which is attached to the distal end of a flexure
zone (e.g., intermediate flexure zone), and a distal anchor, which is fixed within or
integrated into the thermal element using solder.

[00316] The flexible structure can include, for example, a spring-like flexible
tubular structure as described in more detail above. Alternatively, the flexible
structure may be in the form of a tubular metal coil, cable, braid or polymer. The
flexible structure can take the form of an oval, rectangular, or flattened metal coil or
polymer. [n alternate embodiments, the flexible structure may comprise other
mechanical structures or systems that allow the thermal element to pivot in at least
one plane of movement. For example, the flexible structure may comprise a hinge
or ball/socket combination.



D. Control of Applied Eneny [00236]Wth the treatnments discl osed
herein for delivering therapy to target tissue, it may be benefici al
for energy to be delivered to the target neural structures in a

cont rol | edwmmaess17ihe control |l ed delivery of energy w PCT/BS20eNI6933e
zone of thermal treatnent to extend into the renal fascia while

reduci ng undesirable energy delivery or thermal effects to the vessel
wal . A comiaigl | ednstelihamr theotlirenesatrory tabsphysisan,t passiae fiexwe of the
consi stent, predictable and efficjent overall treatnent. Accorgi nglt%t:t
the gener &8eRN2EexES; flamept jah dhe Fdah RHEnRIE PRI JRTFRYISE 1o con
conpri si ngeﬁﬂeeﬁﬁ' BRrthbira 108meReSnd gl tREué @tcaAGddbY g rddidl ddlbtim yf

of power and energy to the thermal heating device, e al gorithm 102,
a repr esethathewnaksiognhetihe drstusrcendios idpoaediate flaxyre 290€.can be

i npl enrented as a conventional conputer program for execution by a _
processor [@QA1B] ed Tre foree Jeamsriltiog sestiorThe simegorand KRGS dAr HREYNIENY

oD n e SbrERGh b 1 FELPEMBELMLAG SR Y eR BRI S | onS-

[ 00237] Th pararmet ers nrtored In accor ce wth the

al gorithm incl ude t I 1] j : i

val'ues. i Qs ach e EIRE Tl it ETrghEREIRARR SRR 1o RALK 6
del i very. th@rprexinnn| eterhicginty alandsdistal texper abnes ( €hg. cabpaleyr stsciure
C.) could indicate tissue desiccatiagn in which case the algori
decrease OPSEPRH & MNETBRE SIGMERY P@féﬁe@ 'PY)QB? ecbétﬁl %ﬁﬁlﬂ'gs?qréeolf ?lﬁégﬁgﬁp%
ef fects t @ohBlcfRith B5sitPRohGtteintralssdi@r phitite may al so be used to
prevent undesirable thermal alteration to non-target tissue. For each

treat ment goé’sgif]t tA NBrn@c@r  ord ol ciHiES oy thet haplird atseritigvientonfigured to
indefinite deli'very of energy. Inpedancé may be used to neasure

tissue changeect thegteermat €lementdatathermal enesgy [SOHEIS. pl it EPRREST TAY be a
treatnent site 1t he i ti I i 1l dad ph

the treat FERE BtbEef e Gr Bheellely qiiRned 18708 Kol f csbioEP The ety
becone | essureesimsyibeeatgenemtoent ahy aminer| énargy soutse. eAelaggt pee Spppliyedire

tissue desiccation or coagulatio cur. near_the. el , i
woul d inc %%Baﬁ%glop%gﬁgﬂ)@ga@ W&%ﬁf‘%&qhﬁiﬁﬂg@ Q}th%egéb\éé{gﬁ SOR /ﬂo%?n
the el ect negeasldrylaffdainRrolSsr et altaciid totha Hahdleaassemdiatd convef/ the
coagulum . Thus, an iIncrease in tissue inpedance may be indicative or
predi cti vensfoyiRdBe theiRatelemaNal alteration to target or non-target
tissue. Additionally, power is an effective paraneter to m%\r)l tor in
control i 180321 delhe &ngrer supRliedolp tiolRermal elemnantc Maynbeatvgpstage of
and curr er}édioﬁ@@u&lc%?%iE#de@yeﬁ@bg,oﬁltﬁa%uNd)|etn%%y, apsHrAight CheRy th&mal
achieve a desired power. DerivatiVes of the aforénentioned paraneters
(e.g., ratfedd,aindctryoge)ic daid. al e hermebelamentimgyde amalegiods femarrlying

delivery. For e rate of change in tenperature could be
noni t or ed rgg'gﬁgﬁﬁgﬁ%’lype&ﬁewout put is reduced in the event that a

sudden ri S[ﬁof-afh]t eRELALNIR, h3eHESPcR%s a temperature sensor (e.g., thermocauple,

thermistor, etc.), optical sensor, microsensor or impedance sensor can be located
adjacent to, on or within the thermal element. The sensor can monitor a parameter
of the apparatus and/or the tissue surface. The sensor may be connected to one or
more supply wires. With two supply wires, one wire could convey the energy to the
thermal heating element and one wire could transmit the signal from the sensor.
Alternatively, both wires could transmit energy to the thermal heating element.

[00323] A feedback control system is configured to alter treatment delivered to
the tissue surface in response to the monitored parameter. The feedback control
system may form part of the catheter or may be attached to the energy source, such
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[ 00238] As seen in Fig. 20, when a caregiver initiates treatnent
(e.g., via the foot pedal), the algorithm 102 commands the generator
26 to gradually adjust its power output to a first power |evel Pl
(e.g., 5 WERRYPOBIE a first tine period tl (e.g., 15 $ECHA2E)069THe
power increase during the first tinme period is generally linear. As a
result, the generator 26 increases its power output at a generally
const ant 8522 eperagmr t The Aeeabagktdopdpl systere peywde & eoessser cawplbe o the

non-|ine I at

i ncr ease%El rQth Qgﬁ@gy géeac qée)\% ?dhg%%g%ﬁgﬁméaﬁbrh@m@rs& b],slthe
until a rfmdtiaclmonﬁolfsystm priedet emnlﬁaedommtnﬂortéftérltm@délﬁ/efy bf ene®g@or
3 seconds is increased b edet erm ned i ncr enent
Cer " e theendp B Gueriert i BonHekbh. DR Boniprad: dase ey Botges
(e.g., 1an@@@@@6|< lodpits Uéﬁ\éﬁboﬁt?émhér%p?r@éettérd@témqné MHeBE NS SoBfinue or
about 1 watt can continue until a maxi num power PAMis achi eved or

some ot héFOchﬁ@fmqnéna”% ltypey fagidate pantofied sleiwery fran inerepsedrgreduced
watts. Bo@gpg)‘hg @%PB?EH&%&?R%H Ela% watts. [00239] As di scussed,

the al gorithm 102 1"ncl udes rmnltorlng ftain operating paraneters

(e.g., t tu r eratin

par anmet ers cail eﬁﬁo?\%@agg ﬂ’? ste \3,/&8'9 %éé?}?%gf%g'%lt?)p “fhe indilve an

al gorit hmgmmmﬁercksntrdimgmm detnedy/paipamaf ensrggomi thet thprrealeélemahneThe

paraneterﬁj&%ﬁ{ es.ta d rpd% whet her the ararrete s individually
1 comsRAlim SR PRl SAiH 1 R YGRS oS 8iCOBYSR RS ahruBYleF R ace Tor

par anet eexgtwdibnlbgsa pldcets® dbpietian etk pagrayrbarce. fall within the

ranges set by the predeterm ned paraneter profiles, then treatnent

can cont [gps2spt the ﬁé&ﬁﬁl@%@@&n@%éy%ﬁfﬂﬁse d fot%?'cb@ﬁ!@g t@%ﬁ@ré?é ra?ed

fall outside the ranges set the predeterm ne araneter profti
t he al gofhdfh ﬁﬂ‘i@gnﬂﬁﬂfagt@ erﬁt@ @erﬁm@é@ﬂ pbwéab@atttgatax@cw@mt mqragmg F?t&

exanpl e, t
Ehon pouns 8 4sSEFEh TRERRIALL LS Chrbrise o figngEfnfthg, deeRl i fReo
(e.g., 10 pswmd's)atimasoéxm radongdtéd sshaiftr beyguiver prédetsindhed (reingber 60
degr ees %v g@loﬁghl eved or exceeded, then power is reduced in

pr edet er R increnents (e.g., 0.5 watts, 1.0 watts, etc.) until a

t tt t h th hol d
degrees VAT o Tre/Bidth '@J{Bfgaasffm%fr)}éﬁ%ggeﬂﬁﬁmﬁfafmr %a%xmaé&q%we
condi ti othe HiBEM HeRNEH onIhé \HahileC assdhioly etram mefued- a _ﬁﬂﬁ\gsﬁér%EeCﬁé\mgfor

equi pped with various audible and visual alarns to al ért the oper

of certah®licgbgbaRnenA avehngptement.olor &xpRple &1 Henfimeshabetliopsprising
of event §t/aH{E¥?srsté‘€!' SRotAkBATAING? &ggl ¥ € ou?% #Bgl\nﬂ{hm the fitting interface

t ermi nat e/ di sconti hue the conhand
so that it, upon rotation of the fitting, may simultaneously travel within the helical

channel of the fitting interface and along the axial groove of the fitting. When the
ball reaches the end of the channel and/or groove, the ball will no longer move and,
consequently, the fitting will not be able to rotate any further in that direction, i.e. the
travel of the traveling element is limited by the structural confines of the interface.
The rotational fitting and handle fitting interface can be configured to allow for the
optimal number of revolutions for the shaft, given structural or dimensional
constraints (e.g., wires). For example, the components of the handle assembly
could be configured to allow for two revolutions of the shaft independent of the
handle assembly.

[00327] A controlled flexure zone may comprise a first or proximal flexure zone
or second or intermediate flexure zone. The controlled flexure zone refers to the
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(1) The neasured tenperature exceeds a maxi mum tenperature threshold
(e.g., about 70 degrees to about 85 degrees C.). (2) The average
tenperature derived fromthe neasured tenperature exceeds an average
t enper at ur wd timeshoisd (e. g., about 65 degrees C.). (3)POTHESPY(06933
change of the neasured tenperature exceeds a rate of change
threshold. (4) The tenperature rise over a period of tinme is below a
i ni mum t pan e dtelepnghiEdgshaftthes mal dentortellet dy geresneielyrcopgohed element.

o2 o R R BT SR R O GRbiPesbbg €l erent 2¢
[00328] A remotely controlied element may be in the form of, but is not limited to,
a control wire attached to the dista! end of the controlled flexure zone. The control
wire may be passed proximally through the elongated shaft of the apparatus and
coupled to an actuator on or part of the handle assembly. An operator may remotely
operate the actuator by pulling proximally on or pushing forward the actuator and
pulling the control wire back to apply a compressive and/or bending force to the
flexure zone resulting in bending. The compressive force in combination with the
optional directionally biased stifiness of the controlied flexure zone deflects the
controlled flexure zone and, thereby, radially moves the controlled flexure zone with

respect to its longitudinal axis.

[00329] Desirably, as described in more detail above, the distal end region of the
elongated shaft can be sized and configured to vary the stifiness of the flexure
zone(s) about its circumference. The variable circumferential stiffness imparts
preferential and directional bending to the controlled flexure zone (i.e., directionally
biased stiffness). This enables the flexure of the controlled flexure zone in a
predetermined radial direction. In response to operation of the actuator, the
controlled flexure zone may be configured to bend in a single preferential direction.
The compressive and bending force and resulting directional bending from the
deflection of the controlled flexure zone has the consequence of altering the axial
stiffness of the controlled flexure zone. The actuation of the control wire serves to
increase the axial stiffness of the controlled flexure zone. The directionally biased
stiffness of the controlled flexure zone causes the flexure zone to move in a
predetermined radial direction in response to a first force applied by the flexure
control element.

[00330] The stiffness of the controlled zone can apply via the thermal element a
stabilizing force that positions the thermal element in substantially secure contact
with the tissue surface, during actuation of the flexure control element. This
stabilizing force also influences the amount of tissue surface contact achieved by the
thermal heating element (i.e., the ASA to TSA ratio). In one embodiment, for



(5) A neasured inpedance exceeds an inpedance threshold (e.g., <20
Ohms, or >500 Chns) . (6) A neasured inpedance exceeds a relative
t hreshol d g., inpedance decreases froma starting or baseline
val ue and ‘Plé‘HOfPTSé@s above this baseline value). V.PreB&Etse0aes
for Distribution Transport en Sal e of the Di scl osed Apparatuses and
Systens [00241] As shown in Fig. one or nore conponents of the

syst em 16X3felh tha stalyliziag é@rﬁeU@amﬂuégeai leagfetwanty-five pessenérifehe total
deliveryg pﬁaéé‘gr ST thY tﬁé?ﬁ\a?g%@l‘ﬁ% g&hﬁ@ btggﬁé E‘l‘ir%%.zco”pone“ts
uae, e tre

sui tabl e pac aging inc _ t he cable 28

o Co B, e OB SRR Sod Ok AR Y huE sl bre may
provide the directionally biased stiffness. The tubular structure may be made of a
metal material, e.g. of stainless steel, or a shape memory alloy, e.g., nickel titanium
(a.k.a., nitinol or NiTi), to possess the requisite axial stiffness and torsional stiffness.
The tubular structure may comprise a tubular polymer or metal/polymer composite
having segments with different stiffnesses. The tubular structure may be in the form
of an oval, or rectangular, or flattened metal coil or polymer having segments with
different stiffnesses.

[00332] The tubular structure, when made from metal, may be laser cut. For
example, the tubular structure may be laser cut along its length to provide a
bendable, spring-like structure. The tubular structure can include a laser-cut pattern
having a spine with a plurality of connecting ribs. The pattern biases the deflection of
the tubular structure, in response to pulling on the control flexure element coupled to
the distal end of the tubular structure, toward a desired direction. The directionally-
biased stiffness of the tubular structure may be determined by the location of the
spine in relation to the plurality of connecting ribs on the tubular structure.

[060333] The tubular structure may further comprise a polymer laminate, coating,

or sheath.

[00334] An unrestrained flexure zone is distal to the controlled flexure zone. The
unrestrained flexure zone has or is coupled to a thermal or tissue heating element.
The unresfrained flexure zone has mechanical properties that accommodate
additional flexure or bending, independent to or in response to the flexure of the
controlled flexure zone. The unrestrained flexure zone may have or be coupled to a
flexible structure as described in more detail above.

[00335] The apparatus may further comprise a second thermal element coupled
to the controlled flexure zone, wherein the second thermal element is configured to
contact the first wall region of the peripheral blood vessel.

[00336] A connector on or carried by the handle assembly is configured to
connect the thermal element to a thermal energy source. The connector may be a
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catheters 94 (e.g., a renal guide catheter). Cable 28 can al so be
integrated into the treatnent device 12 such that both conponents are
packaged t oget her. Each conponent nmay have its own sterile packagi ng
(for compowerdoso/arexrysi ring sterilization) or the conponeffiilU Vfoﬁg‘é‘b
dedi cated sterilized conpartments within the kit packaging. This kit
may al so include step-by-step instructions for use 126 that provides
t he oper atsiile tggodusc alto for coherativieha btiseedaitel thgp deadiengssanhly.uctheggergy

for using the system 10 and, treat e i L n ' :
net hods o?oqrﬁgé'g@f R,8 gepenaLgryor %Tyag%'ﬁg%e@dg@gré‘é'o?{ tﬁ gée&??@a% URRly wire
devi ce di plyqsRd m@fgagwa} cl¥hgdien dhaft As tiemiagh eslufren inrthe alergatédishaft from
Treat nent Dévices and Associ ated Syst and t hods V1h
r ef er encethéocaligyplugged &H@t%é’tpefth&'s}’t%tgﬁcgga ") ﬂ?ﬁ)&gqfﬂﬁtasg?$8 &éé%ﬁ(é%’%the
assenbl y gg@r ?ftoﬁyﬁsgﬁ%gpaé@eggscri bed. Wth the handle assenbly 200
positione eg ernal to the patient, the caregiver can translate the

handl e asf(gﬁa%w U oref ?Eﬁ%&tbﬁ dhi& ik balcoRngure gboitaidrolitiiiRehe peripheral

el ongat ed 16 w e respective renal artery. The caregiver
can then ojpedavessatwienothe2emntelled Hiexhen drae 48 Ja fisryre againgt g Mgt wall

t he thernal .heati,n 4 e . | it §ef LodHge i
34, [00245?%%83&1%@8?@3%3&%@1%2@8®%§ R i RBREE i) el seutie ngig gon
assenbl y Zafation cfthbyelengatedshaipositions ehatonplietdlexliomzeneagainat & third

16. Rotation of, the el ongated shaft 16 whe he i ' . .
Tone 941 wollsRvieh Ry weais Pt RlhercdeNoE pb et &Y WaR iEyioh “fHtERin
ther mal heat g VRAIEBB N i@ 4irddiiferentidiy offeeprerithe firstmalll ragibarand thekourth
it easier to achieve contact with the vessel wal

hreve, . I a]gd deterrH'[nB in 1h
whet her t Ml gegionvialoircemarapiiallyfaifser Fom Mg seepnd Walk Soqii 4 AP dhe
poor angi iR fegdrd ¥ enERillyQbpoBd fiel BOrAIREgIBANDI ned wi th

transl ation ating elenment 24 for repositioning of

the ther "ﬁlq ti ngs aLEARRY iﬁtm&ed&%téféﬁa@e,rtﬁé’iaﬁba gk bPhal divelbs@e may

position I'n the respective renal artery for delivery of energy at

nul ti pl e focapanes avdystanm The systean maytforther comprise instructions that command
the energy generator/source to deliver energy to the thermal element according to a
predetermined energy delivery profile. The predetermined energy delivery profile
may comprise increasing energy delivery to a predetermined power leve! for a first
period of time, maintaining energy delivery at the first power level for a second
period of time; and increasing energy delivery to a second power level if the
temperature value is less than a preset threshold following the second period of

time.

[00339] As described in more detail above, the apparatus of the disclosure may
be provided in the form of a kit, such as a medical kit. The kit may further comprise
a cable configured to electrically connect the catheter apparatus to the thermal
energy source and a dispersive electrode configured to provide a return path for an
energy field from the catheter. The kit may further comprise one or more guide
catheters (e.g., a renal guide catheter). The cable can also be integrated into the
apparatus such that both components are packaged together. Each component
may have its own sterile packaging (for components requiring sterilization) or the
components may have dedicated sterilized compartments within the kit packaging.



[ 00244] As seen in the exploded view of Fig. 24, handle assenbly 200
may conprise proximal strain relief 202, distal strain relief 204,
inner limter ring 210, outer limter ring 220, rotator 230, housing
assenbl y mzﬂyﬂs&'@ upper housing 242 and | ower housi n§CPAS200%8Ht or
260 and carri er 280, as well as optional O-ring 275. The upper and

| ower housin rise one or nore mating features 246 that join

t oget her [Q@3 J v he titi meyofurthee leemnfisee NgHUCtiansalas deliviering fibat catester

and/ or Vi, BBa?a%Qeﬁ'{tE{?)reﬁé? 4 &fnﬁeg?a[fgh? aE8L§t' I@gstaB%rﬁg%ésﬁé&ﬁB@?rﬁ%

act uat or, rin carri er i'oned bet ween
242 and kuiney h@n@pmgdmmtm ntheheermsamtewebb degat i der aatiemt &dr Boasndition

nbl 0245 det aLl., bel inth .
Rssenbl LASKHTPUTIY POREh TG (uPBReBHY ifPre ke gy drease, chronic
constrai herhl valllireD syhpatiwisi ﬁﬁ)aﬁé@tﬁﬂ’t?' Yiabeted, matabBiid fisdriét arrhythmra

facilitates coordinated angul ar rotation of the actuator and |inear
transl at ?%tedf‘y‘?q'?éd'é‘b'ﬂfqrﬁtﬂon aQd eArdip-easkbsY8EMEn nore detail bel ow,
proxi mal linear translation of carrier 280, via caregiver proximal

rotationpof ackHaL&hn260, causes deflection of thermal heating

el enent 24 about iniernediate flexure zone 34 of the distal end

regi on 2@oo¥41) he BleongdccdaBndd dddriptBhd @ﬂé\hb@dﬁé?@s éfthe aﬁ%t@h%@%t

bet ween the actuator 260 and the | ower housing 244, may provi
tactile FEQUIREIO bF eevUSvnEE todimihdne drptioartodiie Pigcisaciormadiegdsed

o 2t onbyd NENRER Seci R Bg RSN el BiBE R 86, Hienion e
240, t hedeserdoed aboverfor iitgst@tiOe i gurposes,i mmhscequeratent crabdrﬁncancms are
di stal porti. an of, .t housi n sserrbl 240, the outer limter ring .
220 1's poRTTREiniR e anpr oS SETRIEDn S e SRt im e BV il
t he rot ateoghkepOFbi leﬂammepm@nétrepgaérbypr@g@meaha S4fiin biddr! Blermhbide
220. Proximal, strain relief 202 is affjxed to a proxi nal portlon of

t he housPRGOLEReMS M2y AETOUR; ePgin afifierentgider| Toe vanousserapedinemts
to a di SHéécrfPféHtHe‘?éinQ:fantaf% b&t&HBInea3s- pr&ﬁdéiﬁfr&fm léﬁﬁ)o'dﬂné‘ﬁ’c%.e detai |

below, the inner limter ring 210, the outer ter ring 220 and the

rotator 4% t IF?OE]O?]’%%P?QMA'? ) df E/ﬁfa&?lé?E ftid 5%@' %;[9%4’8 érﬂb?dlm]ents of

facilitate ation of el ong out {'°oR

handl e aﬁ’@elnbe@tlozﬂmveatxeamdiescajbed berginifer puspesesoof ibdstration ehtvgel-kersbwn
shaft. structures and functions have not been shown or described in detail to avoid
unnecessarily obscuring the description of the embodiments of the invention. Where
the context permits, singular or plural terms may also include the plural or singular
term, respectively. For example, much of the disclosure herein describes a thermal
heating element 24 or electrode 46 in the singular. It should be understood that this
application does not exclude two or more thermal heating elements or electrodes. In
one embodiment representative of a multi-electrode configuration, a second
electrode could be placed on the intermediate flexure zone 34 opposite the direction
of deflection of the intermediate flexure zone 34 such that the second electrode
could deliver treatment to the vessel wall at or near contact region 124. This
approach would allow two spaced apart treatments per position of the treatment
device, one distal treatment via the first electrode 46 and one proximal treatment via

the second electrode.



[ 00247] Treat nent device 12 conprises control wire 40 that extends the
| ength of elongated shaft 16 (e.g., along the length or within a

| umen of the elongated shaft) fromthe handl e assenbly 200 of

proxi mal emwd 067817518 to the internediate flexure zone? GUURPOHIGEH

di stal end region 20. The control wire termnates distally in the
distal end region 20 and, as seen in Fig. 25, may termnate .
proxi mal | joGs¥3tar NMeeo@S0unless e wardiias” issa@rassly lioited thaeas ey single

one o - molEmePsaELegr RS ST 8 HEfRSaRs I Rish B B, Of ARRE ReASE MR
sol der. Pgxigedf "bransueh adist sftotdeantsapeter a2Boludéigatd) wey sindiwitem iythe
S?iiinb mlal>/| ﬁgt?éé))?ﬁgpé ?rfeLEQ sri(ra1I t%teI IYs, E)P (ct;)ha%yeclsoomn&%t?gn %P?ﬁé it%ms in the list.
Additionally, the term "comprising” is used throughout to mean including at least the
recited feature(s) such that any greater number of the same feature and/or
additional types of other features are not precluded. It will also be appreciated that
specific embodiments have been described herein for purposes of illustration, but
that various modifications may be made without deviating from the invention.

Accordingly, the invention is not limited except as by the appended claims.



CLAIMS

1.

A catheter apparatus (12) for insertion into a femoral artery, illiac artery and the
abdominal aorta of a patient comprising:

an elongated shaft (16) extending along an axis, the elongated shaft comprising
a proximal end region (18) including a force transmitting section (30) and a distal end
region (20);

a handle (22) coupled to the proximal end region (18);
whereby

the distal end region (18) includes a first flexure zone (32) distal from the force
transmitting section (30), a second flexure zone (34) extending distally from the first
flexure zone (32) and a third flexure zone (44) adjacent to and extending distally
beyond the second flexure zone (34); and the catheter apparatus (12) further
comprises:

a thermal heating element (24) carried by and extending distally beyond the
third flexure zone (44) wherein the thermal heating element (24) is configured to
thermally ablate renal nerves adjacent to the renal artery,

a flexure control element (40) coupled to the second flexure zone (34) and
configured to apply a first force to the second flexure zone (34) to move the second
flexure zone (34) of the distal region of the elongated shaft in a radial direction away
from the axis and towards a wall of the renal artery;

a flexible structure within the third flexure zone (44) that is coupled to the
thermal heating element (24) and configured to allow passive flexure about the axis in
response to a second force applied to the thermal heating element (24) via contact
with the wall of the renal artery;

a flexure controller (42) carried by the handle and coupled to the flexure
control element (40), wherein the flexure controller (42) is configured to cause the
flexure control element (40) to apply the first force to move the second flexure zone
(34); and

a connector (28) carried by the handle (22) and configured to connect the
thermal heating element (24) to a thermal energy source,

characterised in that said flexure zones are further adapted to facilitate
navigation of the thermal element into a renal artery and thermally-induced renal

neuromodulation from within said renal artery of said patient.
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The catheter apparatus (12) of claim 1 wherein the second flexure zone (34) is
configured to move in a predetermined radial direction in response to the first force

applied by the flexure control element (40).

The catheter apparatus of any one of claims 1 to 2 wherein the flexure contro] element
comprises a wire (40) coupled to a distal portion of the second flexure zone (34), and
wherein the first force applied to the second flexure zone (34) is a bending or

compressive force resulting from actuation of the flexure controller (42).

The catheter apparatus of any one of claims 1 to 3, further comprising a sensor
adjacent to, on, or within the thermal heating element (24), and wherein the sensor is
configured to monitor a parameter of at least one of the apparatus and the tissue

surface.

The catheter apparatus of claim 4 wherein the sensor is at least one of a temperature

sensor, impedance sensor, optical sensor or micro sensor.

The catheter apparatus of any one of claims 4 to 5, further comprising a feedback
control system configured to alter treatment delivered to the renal artery wall in

response to the monitored parameter.

The catheter apparatus of claim 6 wherein the feedback control system comprises an

algorithm (102) for controlling output of the thermal energy source (26).

The catheter apparatus of any one of claims 1 to 7 wherein the flexure control element
(40) and the flexible structure are configured to mutually create, via the second
flexure zone (34) and the third flexure zone (44), a stabilizing force between the

thermal heating element (24) and the renal artery wall.

The catheter apparatus of claim 8 wherein the stabilizing force causes at least twenty-
five percent of the total surface area of the thermal heating element (24) to contact the

renal artery wall.



10.

1.

12.

13.

14.

15.

16.

17.

18.

The catheter apparatus of any one of claims 1 to 9 wherein the thermal heating
element (24) is configured to apply treatment to the renal artery wall using

radiofrequency energy.

The catheter apparatus of any one of claims 1 to 10 wherein the third flexure zone

(44) has a length from about 2mm to about Smm.

The catheter apparatus of any one of claims 1 to 11, further comprising a radiopaque

marker configured to facilitate angiographic visualization of the catheter apparatus.

The catheter apparatus of any one of claims 1 to 12 wherein the handle (22) comprises
a rotating fitting coupled to the elongated shaft (16) and configured to rotate the
elongated shaft (16) about the axis without rotating the handle (22), and wherein the
rotating fitting comprises a rotational limiting element configured to prevent rotation

of the elongated shaft beyond a predetermined number of revolutions.

The catheter apparatus of any one of claims 1 to 13 wherein the catheter apparatus is a
component of a medical treatment kit, and wherein the medical treatment kit further
comprises a cable configured to electrically connect the catheter apparatus to the
thermal energy source and a dispersive electrode configured to provide a return path

for an energy field from the catheter apparatus.

The catheter apparatus of any one of claims 1 to 14 wherein the second flexure zone

(34) has a length from about Smm to about 15mm,

The catheter apparatus of any one of claims 1 to 15 wherein the first flexure zone (32)

is more flexible than the force transmitting section (30) of the elongated shaft (16).

The catheter apparatus of any one of the claims 1 to 16 wherein the thermal heating
element is adapted to apply thermal treatment using at least one of RF energy, light,

microwave, ultrasound, heated fluid.

The catheter apparatus of any one of the claims 1 to 17 wherein the thermal heating

element comprises an electrode.
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